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I m p r o v e  y o u r  s e l e c t i o n  o f  
c h r o m a t o g r a p h i c  s o lv e n t s  w i t h  
t h i s  o n e  h a n d y  s o u r c e .
B u r d ic k  & J a c k s o n ’ s  S o lv e n t  G u id e ,  S e c o n d  E d i t io n  
—  a u th o r it a t iv e , a c c u r a t e  a n d  u p -to -d a te . A  1 5 0 -p a g e  
m a n u a l d e s ig n e d  fo r  q u ic k  a n d  e a s y  r e f e r e n c e .  D e 
v o t e s  tw o  fu ll p a g e s  o f t e c h n ic a l  d a ta  to  e a c h  o f 5 8  
h ig h  p u r ity  s o lv e n t s .  F e a t u r e s  s o lv e n t s  a r r a n g e d  in 1 7  
t a b le s  o f p r o p e r t ie s . In c lu d e s  in v a lu a b le  “ T ip s  fo r  
C h r o m a t o g r a p h e r s ’ ’ s e c t io n  w ith  H P L C  t e c h n iq u e s .  
N o  o th e r  s in g le  s o u r c e  p r o v id e s  a s  m u c h  in fo rm a t io n  
to  h e lp  w ith  y o u r  s o lv e n t  s e le c t io n  p ro b le m s .

■JB BURDICK&P I JACKSON
L A B O R A T O R IE S ,  IN C .

All this and more Is available 
to you right now. So act today 
and order your copy for only 
$9.95 (outside the USA $13.95).
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G e t  t h e  

w o r s t  o u t  

o f  t h i n g s .

UNITREX
Universal Trace Residue Extractor.

SGE s Un ive rsa l T ra ce  R es idue E x tra c to r -  
U n itre x  -  ge ts  th e  w o rs t o u t o f y o u r sam p les . U n itre x  
has been deve loped  as an e ff ic ie n t and e conom ica l 
c lean -up  sys tem  fo r the  recove ry  o f pes tic ides  and  
o rga n ic  res idues from  m ea t fats, bu tte r, cheese, 
vege tab le  o ils  and a w id e  range  o f sam ples.

O pe ra tin g  and m a in tenance  cos ts  have been kep t 
to  a m in m um . U n itre x  can p rocess 10 sam p les  
s im u ltaneous ly , and  o n ly  sm a ll am oun ts  o f so lven t and  
gas are requ ired . T he  p ro cess ing  is fas t and re liab le  -  
and U n itre x  has rap id  w a rm -u p  and ±  1 °C  tem pe ra tu re  
s tab ility .

P e rfo rm ance  is exce llen t. R ecoveries fo r  a range  o f 
pestic ides, bo th  o rg a n o -c h lo r in e  and o rg a no 
ph o spho rou s  com pounds , a re be tte r than  90% fo r  
m ost sam p les at ppb  levels, and th e  e x tra c t is c lean  
enough  fo r  d ire c t ch ro m a to g ra p h ic  in je c tio n  in to  
cap illa ry ' co lum n s  o r packed  co lum ns , even w ith  h ig h ly  
sens itive  de tec to rs  such  as ECD , FDP. and NPD.

H ead Office an d  In ternational S ales
Scientific Glass Engineering Pty Ltd 
7 Argent Place Ringwood 
Victoria 3134 Australia.
Telephone (03) 874 6333

UK S ales Office
Scientific Glass Engineering (UK) Ltd 
Potters Lane Kiln Farm 
Milton Keynes MK11 3LA Great Britain 
Telephone (0908) 568844

U.S.A. S a les Office
Scientific Glass Engineering Inc 
2007 Kramer Lane Suite 100 
Austin Texas 78758 USA 
Telephone (512)837 7190

G erm an  (BRD) S a les Office
Scientific Glass Engineering GmbH 
Fichtenweg 15 
D-6108 Weiterstadt 1 
Telephone (06150) 40662
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M u l t i - f u n c t io n  
s t a t i s t i c s  l ib r a ry
Powerful data manipulation and transformation utilities 
ASCII file structure for interface to ether applications software 
Extensive computational library
Available for CP/M, MS DOS (PC DOS), and CTOS (BTOS)

Northwest Analytical, Inc.
1532 SW Morrison St., Portland, Oregon 97205 503-224-7727

CIRCLE 3 ON READER SERVICE CARD

f d a  TRAINING MANUAL
FOR ANALYTICAL ENTOMOLOGY  
IN THE FOOD INDUSTRY

Chapters on:
Microscopes; Insect Morphology and Dis
section; Identification of Whole Insects; 
Recognition and Identification of Insect 
Fragments; Vertebrate Pests; Structure and 
Identification of Animal Hairs; Molds in 
Foods; Extraction Methods; Miscellaneous 
Filth; Macroscopic Methods; Advice on Set

ting Up an Analytical Entomology Lab and 
Ensuring Good Laboratory Performance; 
Ecology of Stored Food Pests; What Hap
pens in a Sanitation Inspection Advice on 
Giving Court Testimony; PLUS; Bibliog
raphy of Useful References; Pronouncing 
Glossary

174 pages. 1978. $12.50 +  $2 book post. & handling in U.S.A., $12.50 +  $3 outside U.S.A. Order from 
Association of Official Analytical Chemists, 1111 North 19th Street, Suite 210-J, Arlington, VA 22209.

Please enclose remittance with order.
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G e t  r i d  o f  b r o k e n  g l a s s ,  s p i l l e d  c h e m i c a l s  a n d  h i g h  e n e r g y  b i l l s .
D o  y o u r  ’’K j e l d a h l ”  o n  a  d e s k t o p .

W e o ffe r  t ru e  K je ld a h l n itro g e n  a n a ly s is , 
a s  ap p ro ved  b y A O A C , n e a t ly  p e r 
fo rm e d  in  co m p act cab in e ts .
•  S tu rd y  e q u ip m en t, w ith  p u sh-b u tto n  

and d ig ita l d isp la y  co n v e n ie n ce , th a t 
w ill  p e rfo rm  50 , 150 o r  24 0  a n a ly se s  
p e r  day.

•  S m a ll u n its , th a t w ill  f re e  a ll o f y o u r  
fu m e  hoods and all b u t 6  sq u a re  fe e t 
o f y o u r  p re s e n t  K je ld a h l sp ace . W ith  
o u r n e w  e ffic ie n t ch e m ica l sc ru b b e r, 
it  is  a ll a d e sk to p  job .

O u r sa le s m e n  a re  tra in e d  e x p e r t s  and 
w ill d e m o n stra te  th e  K je ld a h l e q u ip 
m e n t in  y o u r  labo rato ry .

5 ,0 0 0  o t h e r  la b s  h a v e  m a d e  t h e  o b v io u s  c h o ic e .  
C o n t a c t  u s  t o d a y  f o r  y o u r  p e r s o n a l  d e m o n s t r a t io n .  

Call collect (703) 435-3300.

M t e c a t o r
Tecator Inc. P.O. Box 405, Herndon VA 22070. Phone (703) 4353300. Telex 903034.In the USA distribution now exclusively by Fisher Scientific Company.
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★  ★  ★ ★  ★ ★ ★ ★

OF OUR FIRST CENTURY OF ANALYTICAL EXCELLENCE

C e n t e n n i a l  H ig h lig h ts  b e g a n  w i t h  o u r  S p r i n g  T r a in in g  W o r k s h o p

in  P h i l a d e l p h i a  i n  A p r il A n d  c o n t i n u e  w i t h :

— T h e s e  c e le b r a t e d  s p e a k e r s :  L i n u s  P a u l i n g ,  P e t e r  B a r t o n  H u t t ,  
C y r i l  P o n n a m p e r u m a  

— E i g h t  o u t s t a n d in g  s y m p o s ia  

— A  g a la  r e c e p t io n

— A n  e x h ib i t  o f  e q u ip m e n t ,  p h o t o s ,  a n d  o t h e r  m e m o r a b i l i a  o f  
t h e  e a r ly  d a y s  o f  A O A C  

— N u m e r o u s  in f o r m a t i v e  p a p e r s  

— J o i n t  m e e t in g s  w i t h  C I P A C ,  I S O ,  a n d  I D F  

— J o i n t  IU P A C - A O A C  I n t e r n a t i o n a l  S y m p o s iu m  o n  t h e  
H a r m o n iz a t i o n  o f  C o l la b o r a t i v e  A n a l y t i c a l  S t u d ie s ,  O c t o b e r  
2 5 - 2 7 ,1 9 8 4

A  h i s t o r y  o f  A O A C — T h e  G r e a t  C o l l a b o r a t i o n  
A n  e n la r g e d ,  n e w ly  f o r m a t t e d  J o u r n a l  o f  t h e  A O A C  
S p e c ia l  a r t i c l e s  i n  T h e  R e f e r e e — t h e  m e m b e r  n e w s le t t e r
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A N N O U N C I N G
T H E  1 4 T H  E D I T I O N  O F

O F F I C I A L  M E T H O D S  
O F  A N A L Y S I S

WILL BE AVAILABLE OCTOBER 1984 AND WE ARE ACCEPTING ORDERS NOW.
CONTENTS

A g ricu ltu ra l L im ing  
M aterials 

Fertilize rs 
P lants
D isin fectan ts 
Hazardous Substances 
Pesticide Form u lations 
A n im al Feed 
B ak in g  Powders and 

B ak in g  Chem ica ls 
Beverages: D istilled  

liq u o rs
Beverages: H a lt Beverages 

and Brew ing  M ateria ls 
Beverages: W ines 
Beverages: N onalcoholic 

and Concentrates 
Cacao Bean and Its  

Products 
Cereal Foods 
Coffee and Tea 
D airy Products 
Eggs and Egg Products 
Fish  and Other M arine 

Products 
F lavors
Food A dd itives : D irect 
Food A d d itives : In d irec t 
F ru its  and F ru it  Products 
G e la tin . D essert P repara

tio n s , and M ixes 
Meat and Meat Products 
Metals and Other Elem ents 

a s  Residues in  Foods 
M ycotoxins

Contains over 1700  
Chemical and Biological Methods

T h e  a u th o r ita t iv e  s o u rc e  o f m e th o d s  o f a n a ly s is  
w o rld w id e . O F F IC IA L  M ETH O D S O F  A N A LY S IS  p ro 
v id e s  in d u s try , re g u la to ry , a c a d e m ic , a n d  in d e 
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o f a n a ly s is .

R e lia b il ity  a n d  re p ro d u c ib il ity  o f e a c h  m e th o d  
h a s  b een  d e m o n s tra te d  b y  a n  in te r la b o ra to ry  c o l
la b o ra t iv e  s tu d y  b y  p ro fe s s io n a l a n a ly s t s .

A s  n ew  m e th o d s  a re  v a lid a te d  b y  AO AC th e y  a re  
in c o rp o ra te d  in  y e a r ly  u p d a te s  in c lu d e d  in  th e  
p u rc h a s e  p r ic e .

T h is  la te s t  e d it io n  c o n ta in s

• 16 5  n ew  m e th o d s

a n d  t h e s e  n e w  f e a t u r e s :
•  E a sy -to - lo ca te  re fe re n c e s
•  C h e m ic a l a n d  c o m m o n  n a m e s  fo r  a l l  

d ru g s  an d  p e s t ic id e s
• A  g re a t ly  e xp a n d e d  in d e x
• M o re -d e scrip tive  t it le s
•  C h e m ic a l A b s t ra c t s  S e rv ic e  

(C A S) n u m b e rs

1 8 8 4 - I 9 8 4

1984 approx. 1100 pp., 173 illus., index, hard
bound. ISBN 0-935584-24-2.
P rice — Members: $133.95 in U.S., $136.95 out

side U.S.; Nonmembers: $148.50 in U.S., 
$151.50 outside U.S.
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I S  Y O U R  A O A C  L IB R A R

C O M P L E T E ?

1984. 224 pp. Softbound. ISBN 0-935584-26-9- 
Members: $41.25 in U.S., $44.25 outside U.S. 
Nonmembers: $45.50 in U.S., $48.50 outside U.S.

A handbook for initiating or improving a laboratory quality 
assurance program.

1978. 184 pp. Looseleaf. ISBN 0-935584-11-0.
Members: $13-25 in U.S., $14.25 outside U.S. 
Nonmembers: $14.50 in U.S., $15.50 outside U.S.

With the aid of this text, organizations can set up their 
own in-house training.

1980. 116 pp. Softbound. ISBN 0-935584-17-X. 
Members: $9-10 in U.S., $10.10 outside U.S. 
Nonmembers: $10.00 in U.S., $11.00 outside U.S.

State of the art and new possibilities for nutrient analysis.

1980. 22 pp. Softbound. ISBN 0-935584-16-1.
Members: $10.90 in U.S., $11.90 outside U.S. 
Nonmembers: $12.00 in U.S., $13.00 outside U.S. 

Reprinted from Chapter 26 Offical Methods of Analysis, 
13th Edition. Approved methods for natural toxins in 
many commodities.

1978. 60 pp. Softbound. ISBN 0-935584-13-7.
Members: $12.80 in and outside U.S.
Nonmembers: $14.00 in and outside U.S.

A computer-based compilation of 104 mass spectra with 
listing by molecular weight.

1974. 134 pp. Hardbound. Illustrations. ISBN 
0-935584-05-6. Members: $11.00 in and outside U.S. 
Nonmembers: $12.00 in and outside U.S.

A guide to laws, regulations, literature, and methods 
structure of regulatory drug analysis.

1981. 336 pp. Softbound. ISBN 0-935584-20-X. 
Members: $2 7 30 in U.S., $30.30 outside U.S. 
Nonmembers: $30.00 in U.S., $33.00 outside U.S. 

Chemical and biological tests plus methods for interpreting 
or predicting results through mathematical models.

1978. 448 pp. Looseleaf. ISBN 0-935584-12-9.
Members: $24.50 in U.S., $27.50 outside U.S. 
Nonmembers: $27.00 in U.S., $30.00 outside U.S. 

Provides regulatory and industry laboratories with methods 
for detection of microorganisms. Updated by supplements.

1977. 150 pp. Softbound. ISBN 0-935584-09-9- 
Members: $13.70 in U.S., $14.70 outside U.S. 
Nonmembers: $15.00 in U.S., $16.00 outside U.S. 

Chromatographic techniques and spectroscopy with 
analyses for various specific cosmetics.

By W.J. Youden and E.H. Steiner. 1975. 96 pp. Soft- 
bound. Illustrations. ISBN 0-935584-15-3- 
Members: $12.25 in U.S., $13-25 ouside U.S. 
Nonmembers: $13.50 in U.S., $14.50 outside U.S.

A do-it-yourself manual for statistical analysis of inter
laboratory collaborative tests.

1978. 119 pp. Softbound. ISBN 0-935584-18-8. 
Members: $9.10 in U.S., $10.10 outside U.S. 
Nonmembers: $10.00 in U.S., $11.00 outside U.S. 

Papers on instrumentation and methodology needed for 
low-level determination of drugs and their major 
metabolites in animal tissues.

Send Check to AOAC,
1111 N. 19th S t., Suite 210-J 
A rlington , VA 22209, USA.

703/522-3032

To qualify fo r m em ber price , include 
Member Number w ith  order.



NEW PRODUCTS

Plotter
The 4-pen IBM 9092 Digital Plotter is 
high-speed (200 mm/s) and can be used 
for technical and presentation graph
ics. The 9092 can be attached to the 
WP series (100/200/270SY) of super
conducting fourier transform nuclear 
magnetic resonance spectrometers and 
to the IBM System 9000. A Vector 
Arithmetic Processor feature for the 
System 9000 executes high-speed, 
floating-point vector operations for 
signal processing. Contact: Julia 
Mercer, IBM Instruments Inc., 
Orchard Park, PO Box 332, Danbury, 
CT 06810; 203/796-2680.
Circle No. 353

Variable Speed Metering Pump
The miniPump® VS is low cost, 
designed for flexible performance, and 
features a multi-piece liquid end, using 
checkvalve cartridges for reliability 
and easy maintenance. The electron
ically controlled flow rate ranges from 
0.5 to 9.0 mL/min, and the pressure 
rating is up to 3000 psi. Contact: Phil 
DeLand, LDC/Milton Roy, PO Box 
10235, Riviera Beach, FL 33404; 800/ 
327-6182.
Circle No. 354

Amino Acid Analyzer
The Alpha Plus features an automatic 
capsule loading system, accepting up 
to 25 capsules in a refrigerated com
partment; a sample volume > 5 (iL; 
and a rapid column temperature vari
ation from below ambient to 99°C. 
The stainless steel columns, packed 
with cation-exchange resin, will ana
lyze protein hydrolysate samples in 
40 min in the Alpha Plus mode and 
will separate all 40 amino acids in 120 
min. Contact: LKB Instruments, Inc., 
9319 Gaither Rd, Gaithersburg, MD 
20877; 301/963-3200. Telex: 64634. 
Circle No. 355

Gamma Counter
The Model 1272 CLINIGAMMA 
automatic gamma counter is available 
with either the 2 in. or 3 in. crystal. 
The sample changer can handle from 
500 up to 1500 samples, automatically 
reading the beginning of each assay 
to recall counting/data reduction con
ditions from memory. The system 
calibrates the detectors continuously 
and stores 50 sets of counting/calcu- 
lation parameters permanently. Con

tact: Dick Reid, LKB Instruments, 
Inc., 9319 Gaither Rd, Gaithersburg, 
MD 20877; 301/963-3200.
Circle No. 356

Headspace GC
The HS-100 automatic headspace 
sampler, developed for the Sigma 2000 
GC, uses pneumatic injection and a 
microprocessor system that loads 
samples from the 100-sample storage 
magazine to the thermostatted car
ousel. The HS-100 performs multiple 
headspace extractions, may be oper
ated in the high pressure mode, and 
comes with a wide variety of septa for 
different applications. Contact: Per
kin-Elmer Corp., Main Ave, Nor
walk, CT 06856; 203/762-1000. Telex: 
965-954.
Circle No. 357

Database
The Wiley/NBS Mass Spectral Data
base combines information from John 
Wiley & Sons’ Registry of Mass 
Spectral Data and the National Bureau 
of Standards’ National Institute of 
Health-Environmental Protection 
Agency (NIH-EPA) Database. It 
offers direct access to more than 80 >300 
spectra of about 68 000 different 
chemical compounds. The database 
is available through Hewlett-Packard 
for its HP 5987A GC/MS System and 
is on magnetic tape from Wiley. Con
tact: Gary Craig, John Wiley & Sons, 
605 Third Ave, New York, NY 10158; 
212/850-6360.
Circle No. 358

Autozero Accessory 
The Autozero Accessory Module will 
zero any detector output remotely by 
a switch closure from any data system 
controller or autosampler. The mod
ule compensates for ± 0.7 AU of 
background offset. Contact: Terry F. 
Meyers, LDC/Milton Roy, 10235 
Riviera Beach, FL 33404; 305/844-5241 
(Florida), 800/327-6182 (toll-free). 
Circle No. 359

Gel Casting System
The UltroMould Gel Casting System 
for production of thin and ultra-thin 
gels for analytical electrophoresis and 
electrofocusing is easy to use, ver
satile, and bubble-free. Trapped air is 
easily removed by sliding the upper

Dietary 
Fiber

Analysis.
®T h e  n e w  F ib e r te c  E  

f o r  e n z y m a t i c  m e th o d s .

laboratory testing of dietary fiber in foods, e.g. according to the proposed AO AC method. The Fibertec E has been developed in cooperation with leading fiber researchers to speed up and rationalize enzymatic fiber determination.
P r e c is io n .The Fibertec E gives results as precise or better than those obtained by manual methods.
C a p a c ity .24 samples a day according to the AO AC method.

Please call or write for your 8 page color brochure today.

tecator
P.O. Box 405, Herndon, VA 22070. Phone: (703) 435-3300. Telex: 230/903034.

Sales and service exclusively by Fisher Scientific Company.
Circle 18 on Reader Service Card
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NEW  PR O D U C TS

plate backward to allow the bubble to 
escape. Continuous adjustment of the 
speed and direction of the sliding plate 
during filling guarantees perfect gels. 
Interchangeable spacer windows 
assure excellent reproducibility by 
providing accurate and uniform gel 
thicknesses. Contact: LKB Instru
ments, Inc., 9319 Gaither Rd, Gaith
ersburg, MD 20877; 301/963-3200. 
Circle No. 360

Automatic Sampler
Bio-Rad’s refrigerated automatic 
sampler deals with many problems 
associated with sample stability in LC 
analysis, such as enzymatic activity, 
chemical degradation, and sample 
evaporation. Model AS-48 performs 
up to 9 multiple analyses each of up 
to 48 samples with a pressure rating 
to 5000 psi and a sample size from 5 
to 1500 pL. Sample temperature can 
be lower than 10°C at 25°C ambient 
and environment can be ambient from 
10 to 35°C. Contact: Bio-Rad Chem
ical Division, 2200 Wright Ave, Rich
mond, CA 94804; 415/234-4130. Telex:
335-358.
Circle No. 361

Chemical Screening System
Mutascreen®, a fully automated, table- 
top system, can be used to detect can
cer-causing drugs, pesticides, and 
other chemicals. The system is based 
on the fact that carcinogens cause 
mutations, and testing is done on spe
cial bacteria that have lost the ability 
to manufacture histidine to determine 
if these bacteria are genetically altered 
by the chemical in question. Up to 50 
samples can be analyzed in 24 h. 
Applications include new food, drug, 
agricultural, and industrial chemi
cals, industrial air and water emis
sion, and industrial workplace. Con
tact: Casey P. Eitner, Labsystems 
Inc., PO Box 48723, Chicago, IL 
60648; 312/967-5220.
Circle No. 362

LC Column
The Bio-Gel® TSK SP-5PW cation- 
exchange LC column contains a strong 
cation, polymeric resin which permits 
a pH 2-12 operating range for flexi
bility in protein separations and col
umn cleanup. The column separates 
proteins up to 106 Daltons and has a 
capacity of 1-5 mg. Contact: Bio-Rad 
Laboratories, 2200 Wright Ave, 
Richmond, CA 94804; 415/234-4130.

Telex: 335-358.
Circle No. 363

Sample Vessel
The portable, piston sampling vessel 
provides a safe, reliable way to trans
port liquid or gas hydrocarbon sam
ples. A sample can be removed with
out changing the pressure of the prod
uct or exposing it to contaminants, 
and the free-moving piston maintains 
sample consistency. Contact: Bob 
Parks, Big 3 Industries, PO Box 1026, 
LaPorte, TX 7757Î; 713/474-4477 (or
1-800/392-5841).
Circle No. 364

LITERATURE

Gas Chromatographs
The MEGA Series and its modular 
components are described in a 12-page 
brochure. The microprocessor-based 
automation package includes an auto
matic liquid injector and headspace 
analyzer combined with an optional 
multifunction processor. The bro
chure also discusses the oven design 
with optimized column environment, 
a variety of injectors, detectors, sam
ple preparation instruments, and cap
illary columns. Contact: Erba Instru
ments, Inc., 4 Doulton PI, Peabody, 
MA 01960; 617/535-5986.
Circle No. 365

Scientific Apparatus and Process
Equipment

The Tekmar® ’84 catalog contains over 
20 new items and features automatic 
titrators, an automatic headspace 
concentrator, a quality control vis
cometer, precision automatic pipette 
tips and microtubes, and glass-sealed 
pH buffers. Tekmar’s areas of spe
cialization are sample preparation, 
volatile organic analysis, eletrochem- 
ical analysis, viscosity/rheology, 
quality control viscometers, tissue 
culture, and process equipment. Con
tact: Tekmar Co., PO Box 371856, 
Cincinatti, OH 45222; 800/543-4461. 
(In Ohio and Canada, call collect 513/ 
761-0633.) Telex: 21-4221.
Circle No. 366

Water Analysis
The 1984/85 Thomas Scientific Water 
Analysis Catalog contains over 2500 
items with photographs and illustra
tions, and features LaMotte water 
testing kits, instruments, and associ

ated apparatus. Also included is a list
ing of apparatus and reagents needed 
in water/wastewater testing from over 
135 manufacturers. Contact: Thomas 
Scientific, Vine St at Third, PO Box 
779, Philadelphia, PA 19105-0079; 215/ 
574-4500.
Circle No. 367

Standard Reference Materials
The 1984/1985 Standard Reference 
Materials catalog contains about 90 
new SRMs and 270 renewal SRMs, 
with an enclosed price list. For infor
mation about even newer SRMs not 
included in the catalog and about 
obtaining the catalog, contact: Office 
of Standard Reference Materials, 
Room B311, Chemistry Building, 
National Bureau of Standards, Wash
ington, DC 20234; 301/921-2045 
Circle No. 368

LC Products
The Shandon 1984 24-page guide for 
LC columns, packing accessories, and 
column packing materials includes 
specific applications for Shandon’s 
spherical packing material, Hypersil, 
that are illustrated with chromato
grams. Information on a column- 
packing pump is also included. Con
tact: Mary Ellen Goffredo, Shandon 
Southern Instruments, Inc., 515 Broad 
St, Drawer 43, Sewickley, PA 15143; 
412/741-8400.
Circle No. 369

Glassware
The second edition of the Scientific 
Glassware Catalog has over 3000 pages 
listing 7000 items from macro to pro
cess glassware, used for distillation, 
reaction, and environmental work 
done in industrial, research, educa
tional, government, and medical labs. 
Contact: Southeastern Laboratory 
Apparatus, 118 Murrah Rd, North 
Augusta, SC 29814; 803/279-7668. 
Circle No. 370

Sialic Acid Determination
The UV-Vis application note (UV-21) 
covers sialic acid determination using 
the Varian DMS 90 UV-Vis Spectro
photometer. A table and a sialic acid 
assay graph are used to illustrate 
results obtained in the experiment. 
Contact: Jack Aeschliman, Varian 
Instrument Group, 220 Humboldt Ct, 
Sunnyvale, CA 94089; 408/734-5370. 
Circle No. 371
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EPA MANUAL OF CHEMICAL METHODS FOR PESTICIDES AND DEVICES
C o m p i l e d  b y  E P A  a n d  s t a t e  l a b o r a t o r i e s

• germicides • herbicides • rodenticides
• fungicides • insecticides

• gas-liquid and high pressure liquid chromatography
• infrared, ultraviolet, and atomic absorption spectroscopy
• classical chemical procedures
In some cases, these are the only methods available 
for a particular formulation.
• Pesticide formulations bibliography
• Special section on thin layer chromatographic 

analysis with detailed directions for the prepara
tion of TLC plates, and tables listing optimum 
solvent systems and visualization techniques for 
each pesticide

• Cross-reference index -  trade names cross- 
referenced to the manual

• Infrared spectra -  more than 350 spectra of 
pesticide compounds

Contains 200 methods published in 1976, plus supplements 
which added 20 methods in 1977, 30 in 1979, and 55 in 1982 1363
1 3 6 3  p ag es . W ith  s p e c tr a . 1983 . in c lu d e s  3  s u p p le m e n ts  a n d  b in d e r . ISBN 0 -9 3 5 5 8 4 -2 3 -4 -  P r ic e — M e m b e rs :  * 6 1 .9 5  in  
U.S., * 6 4 .9 5  o u ts id e  U.S., N o n m e m b e rs :  * 6 8 .5 0  in  U.S., *71 .5 0  o u ts id e  U.S. 1982  S u p p le m e n t  c a n  b e  p u r c h a s e d  s e p a ra te ly  
P r ic e — M e m b e rs :  * 1 5 .4 0  in  U.S., * 1 6 .4 0  o u ts id e  U.S., N o n m e m b e rs :  *17 .00  in  U.S., *18 .00  o u ts id e  U.S.
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Talanta  provides a forum for the rapid 
publication of original research papers, 
preliminary communications, full reviews 
and mini-reviews. Other features are 
annotations (critical commentaries), 
analytical data (stability constants, etc.) and 
letters to the editor.
In addition to welcoming papers in the 
traditional fields of pure and applied 
analytical chemistry, and in order to 
provide an interface between those doing 
research and those applying the results of 
research in analytical chemistry, the Editors 
wish to encourage submission of reports 
on developments and new techniques in 
fields such as: toxic impurities in biological 
systems; food additives; pharmaceutical 
and drug analysis; pesticides and 
fungicides; clinical chemistry; materials 
science and engineering; geochemistry; 
environmental analysis.
A particular strength of the journal is that it 
is edited, both linguistically and 
scientifically, by analytical chemists active 
in research and teaching, whose expertise 
is at the service of authors and readers 
alike.
The languages of the journal are English, 
French and German.
Subscription Information 
No p rice  in c re a s e  fo r  1 9 8 4Published monthly
Annual subscription (1984) US$300.00Two-year rate (1983/4) US$570.00

TALANTA
T h e  I n t e r n a t i o n a l  J o u r n a l  o f  P u r e  
a n d  A p p l i e d  A n a l y t i c a l  C h e m i s t r y

Editor-in-Chief: R A CHALMERS, 
D e p a rtm e n t  o f  C h e m is try , U n iv e rs ity  o f  
A b e r d e e n , O ld  A b e r d e e n  A B 9  I F X ,  U K

A selection of papers
Interpretation of analytical chemical 
information by pattern recognition 
methods — a survey, L KRYGER.
The spéciation of trace elements in waters, 
T M FLORENCE.
Correction of formation constants for ionic 
strength, from only one or two data points: 
an examination of the use of the extended 
Debye-Huckel equation, P W LINDER &
K MURRAY.
The cation-chelation mechanism of 
metal-ion sorption by polyurethanes,
R F HAMONefa/.
Organic complexing agents in 
atomic-absorption spectrometry — a 
review, J KOMAREK & L SOMMER.
The total emulation of the Intel 8080 
instruction set on a mainframe computer,
D J LEGGITT.
Automated square-wave anodic-stripping 
voltammetry with a flow-through cell and 
matrix exchange, E B BUCHANAN Jr &
D D SOLETA.
Addressing, accessing and interfacing 
peripheral devices to microprocessors,
EG CODDING.
Recent special issues:
Microprocessors in analytical chemistry, 
edited by R A CHALMERS.
Gains and losses (errors in trace analysis), 
edited by R A CHALMERS.

FREE SPECIMEN COPIES AVAILABLE ON REQUEST Advertising rate card available on request. Back issues and current subscriptions are also available in microform.Prices are subject to change without notice. Journal prices include postage and insurance. Sterling prices are available to UK and Eire customers on request.

P e rg a m o n  P re s s
Headlngton Hill Hall, Oxford OX3 0BW, UK 

Fairview Park, Elmsford, New York 10523, USA
5A 18 11 82
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BOOKS IN BRIEF

Topics in Forensic and Analytical Toxi
cology. Edited by R. A. A. Maes. 
Published by Elsevier Science Pub
lishers, PO Box 211,1000AE Amster
dam, The Netherlands, 1984. Also 
available from Elsevier Science Pub
lishing Co., Inc., PO Box 1663 Grand 
Central Station, New York, NY 10163. 
224 pp. Price: $57.75 U.S. & Canada/ 
Dfl. 150.00. ISBN 0-444-42313-3.
Containing the invited and selected 

papers from the Annual European 
Meeting of the International Associa
tion of Forensic Toxicologists, this vol
ume covers some of the following top
ics: drugs and driving; drugs of abuse; 
toxicological analysis of drugs, their 
metabolites and their clinical and foren
sic implications; mass spectrometry in 
toxicology; combination methodology 
in toxicological analysis; systematic 
toxicological analysis; and toxicology in 
developing countries.

Analytical Spectroscopy. Edited by W.
S. Lyon. Published by Elsevier Sci
ence Publishers, PO Box 211,1000AE 
Amsterdam, The Netherlands, 1984. 
Also available from Elsevier Science 
Publishing Co., Inc., PO Box 1663 
Grand Central Station, New York, NY 
10163. 408 pp. Price: $75.00 U.S. & 
Canada/Dfl. 195.00. ISBN 0-444- 
42312-5.
This volume contains the Proceed

ings of the 26th Conference on Analyt
ical Chemistry in Energy Technology, 
with detailed discussions on laser spec
troscopy and mass spectroscopy. Also 
appearing are articles on resonance ion
ization mass spectrometry; new and 
improved techniques and applications 
of plasma spectroscopy, including hot 
cell operations; and advances in nuclear 
techniques and gamma spectrometry.

Mycotoxins—Production, Isolation, 
Separation and Purification. Edited by
V. Betina. Published by Elsevier Sci
ence Publishers, PO Box 211,1000AE 
Amsterdam, The Netherlands, 1984. 
Also available from Elsevier Science 
Publishing Co., Inc., PO Box 1663 
Grand Central Station, New York, NY 
10163. 536 pp. Price: $113.50 U.S. & 
Canada/Dfl. 295.00. ISBN 0-444- 
42289-7.
Covering more than 250 mycotoxins, 

Part 1 discusses the occurrence, pro

duction, biological activities, and bio
chemical modes of action of mycotox
ins, along with applications of chro
matographic techniques. Part 2 discusses 
key chemical families, the most impor
tant individual mycotoxins, data on pro
ducing organisms, and the physical, 
chemical, and biological properties of 
mycotoxins, followed by methods of 
production, isolation, purification, 
chromatographic characterization, 
detection, and assays.

High-Performance Liquid Chromatog
raphy of Proteins and Peptides. Edited 
by M. T. W. Hearn, F. E. Regnier, 
and C. T. Wehr. Published by Aca
demic Press, 111 Fifth Ave, New 
York, NY 10003,1983. Also available 
from Academic Press, 24/28 Oval Rd, 
London NW1 7DX, England. 288 pp. 
Price: $27.50. ISBN 0-12-335780-2.
This book contains the Proceedings 

of the First International Symposium of 
HPLC of Proteins and Peptides, which 
covered size exclusion, ion-exchange, 
and reverse phase chromatography, as 
well as use of HPLC techniques in pro
tein structural studies and peptide iso
lation, detector technology, and spe
cialized separation methods.

The Peptides: Analysis, Synthesis, Biol
ogy. Volume 5: Special Methods in 
Peptide Synthesis. Edited by E. Gross 
and J. Meienhofer. Published by Aca
demic Press, 111 Fifth Ave, New 
York, NY, 1983. Also available from 
Academic Press, 24/28 Oval Rd, Lon
don NW1 7DX, England. 536 pp. 
Price: $79.50/$69.50 (subscription 
price). ISBN 0-12-304205-4.
Topics covered include: recombinant 

DNA methods, acidolytic deprotection 
procedures in peptide synthesis, side 
reactions in peptide synthesis, quanti
tation and sequence dependence of 
racemization in peptide synthesis, a,(3- 
dehydroamino acids and peptides, and 
unusual amino acids in peptide synthe
sis.

Analytical Methods for Graphite Tube 
Atomizers. Available from Varian 
Instrument Group, 220 Humboldt Ct, 
Sunnyvale, CA 94089, 1984. 132 pp. 
Price: $75.00. Part No. 85-100447-00.
This review of graphite furnace tech

niques includes the following method

ologies: air particulate analysis, agri
cultural, biological and biochemical, 
geochemical and metallurgical, petro
leum, and water analysis. How to 
enhance analytical performance and 
effects of interference and background 
absorption are also discussed.

Drug Resistance in Mycobacteria. By
Pattisapu Rama Jogi Gangadharam. 
Published by CRC Press, Inc., 2000 
Corporate Blvd, NW Boca Raton, FL 
33431, 1984. Approx. 192 pp. Price: 
$56.00 prepub., U.S./$65.00prepub., 
outside U.S. ISBN 0-8493-6574-0.
This book examines the origin and 

mechanisms of drug resistance, biolog
ical variations consequent to drug resis
tance, techniques for drug susceptibility 
testing, clinical significance of drug 
resistance, and the overall development 
of drug resistance.

The Pesticide Manual, Seventh Edition. 
Edited by C. R. Worthing. Published 
by The British Crop Protection Coun
cil, ‘Shirley,’ Westfields, Cradley, 
Malvern, Worcestershire WR13 5LP, 
England, 1983. Also available from 
the Commonwealth Agricultural Bur
eaux, Farnham House, Farnham 
Royal, Slough, SL2 3BN UK. Approx. 
700 pp. ISBN 0-901436-77-1.
As in previous editions, the manual 

contains information on chemicals and 
microbial agents used as active com
ponents of products for control of weeds, 
crop pests, and diseases, as well as pests 
in public health and animal ecopara- 
sites. The new edition contains about 
590 chemicals, each described accord
ing to nomenclature and development, 
properties, uses, toxicology, formula
tions, and analysis.

Dangerous Properties of Industrial 
Materials, Sixth Edition. By N. I. Sax. 
Published by Van Nostrand Rein
hold, 135 W 50th St, New York, NY 
10020, 1984. 3152 pp. Price: $198.00.
This expanded and updated edition 

provides a comprehensive, single source 
reference to more than 18 000 industrial 
and laboratory materials, and also 
includes single-figure toxic hazard rat
ings for all the chemicals discussed. Also 
included are over 40 000 indexed syn
onyms, NIOSH and CAS identification
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numbers, ready-to-use countermea
sures, flammability ratings, explosion 
potentials, and new clinical data and 
references on human beings and exper
imental animals.

Van Nostrand Reinhold Encyclopedia of 
Chemistry, Fourth Edition. Edited by 
D. M. Considine and G. D. Consi- 
dine. Published by Van Nostrand 
Reinhold, 135 W 50th St, New York, 
NY 10020, 1984. 1088 pp. Price: 
$89.50.

Fully revised and enlarged, this edi
tion incorporates the advancements in 
chemistry achieved during the past 
decade, and updates the traditional 
aspects of the field. It features about 
1300 alphabetically arranged editorial 
entries, each prepared by an expert in a 
given discipline. Also included are the 
industrial uses of natural and synthetic 
chemical solids, liquids, and gases; 
recent developments in chemical theory 
and practice; and numerous equations, 
structural formulas, and illustrations.

McGraw-Hill Dictionary of Science and 
Engineering. Edited by S. P. Parker. 
Published by McGraw-Hill Book Co., 
1221 Avenue of the Americas, New 
York, NY 10020, 1984. 942 pp. Price: 
$32.50. ISBN 0-07-045483-3.

With more than 35 000 terms defined, 
this book focuses on the essential 
vocabulary of 100 different scientific and 
engineering disciplines, ranging from 
acoustics to zoology. Also provided are 
synonyms, acronyms, and abbrevia
tions, listed separately as cross refer
ences.

Biotechnology of Industrial Antibiotics.
Edited by E. J. Vandamme. Pub
lished by Marcel Dekker, Inc., 270

Madison Ave, New York, NY 10016,
1984. 832 pp. Price: $105.00 (20% 
higher outside U.S. and Canada). 
ISBN 0-8247-7056-0.

Volume 22 of the Drugs and the Phar
maceutical Sciences Series examines the 
production of antibiotic compounds by 
fermentation biotechnology, and pro
vides information on their microbiol
ogy, biochemistry, genetics, and engi
neering. Also included are compound 
properties, history, screening, strain 
improvement, biosynthesis, production 
process, product recovery, application, 
and mode of action.

Pharmaceutical Process Validation.
Edited by B. T. Loftus and R. A. 
Nash. Published by Marcel Dekker, 
Inc., 270 Madison Ave, New York, 
NY 10016,1984.304 pp. Price: $55.00 
(20% higher outside U.S. and Can
ada). ISBN 0-8247-7164-8.

Designed to ensure compliance with 
FDA guidelines and objectives, Volume 
23 of the Drugs and the Pharmaceutical 
Sciences Series provides a comprehen
sive background to the field; the hands- 
on experience of 19 expert contributors 
for procedures, guidelines, approaches, 
and terminology; and supplies infor
mation on both sterile and nonsterile 
processes, prospective and retrospec
tive validation, analytical methods val
idation, statistical techniques, and solid 
dosage form validation.

Methods Involving Metal Ions and Com
plexes in Clinical Chemistry. Edited 
by H. Sigel. Published by Marcel 
Dekker, Inc., 270 Madison Ave, New 
York, NY 10016,1984.440 pp. Price:

$75.00 (20% higher outside U.S. and 
Canada). ISBN 0-8247-7038-2.

Volume 16 of the Metal Ions in Bio
logical Systems Series covers such top
ics as nutritional and immunological 
aspects of trace elements; therapeutic 
chelating agents; the determination of 
metals by various methods, the identi
fication and quantification of phos
phates, cannabinoids, and sulfanil
amides via reactions with metal ions; 
and the use of gallium, indium, and 
technetium in nuclear medicine.

New Approaches in Liquid Chromato
graphy. Edited by H. Kalasz. Pub
lished by Elsevier Science Publish
ers, PO Box 211, 1000AE Amster
dam, The Netherlands, 1984. Also 
available from Elsevier Science Pub
lishing Co., Inc., PO Box 1663 Grand 
Central Station, New York, NY 10163. 
Approx. 300 pp. Price: $67.25 U.S. & 
Canada/Dfl. 175.00. ISBN 0-444- 
99642-7.

Volume 16 of the Analytical Chem
istry Symposia Series contains full texts 
of the 23 papers presented at the 2nd 
Annual American-Eastern European 
Symposium, held June 16-18, 1982, in 
Szeged, Hungary. Topics covered 
include: HPLC of peptides and pro
teins; displacement chromatography 
using mathematical modeling of sepa
ration techniques; displacement mode 
of development on thin-layer plates and 
the effect of length of development; 
sample size and position of spots in the 
separation of structurally related com
pounds; characterization of the station
ary phases for HPLC; optimization of 
HPLC and gel chromatography; and 
results of analytical and preparative 
separation of amino acids, peptides, and 
proteins.
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HIGHLIGHTS
The 96th Annual 

International M eeting
OF THE Shoreham Hotel, Washington, D.G. 

October 2 8 -November 2,1964

is«« Centennial Meeting 1 9 8 4

October 25 -27  • Joint IUPAC-AOAC International 
Symposium on Harmonization of Collaborative Studies
October 27- 28 • Quality Assurance for Analytical Labo
ratories— Short Course
October 28 * Botanic Gardens Reception
October 29 • Opening Session with Celebrated Speakers: 
Nobel Laureate Linus Pauling and former FDA General 
Counsel Peter Barton Hutt • Education in Modem Ana
lytical Chemistry— Symposium • Sampling and Analy
sis of Fertilizers— Symposium (also Tues.) • New Equip
ment and Memorabilia Exhibits (also Tues. and Wed.) • 
Industry N ight— a New Products Showcase and Mixer
October 30 • Microcomputer Workshop • Analysis of

Pesticide Products for Im purities and Degradatior 
Products— Symposium • Quality Assurance /Qualit) 
Control for Analytical Laboratories— Symposium (alsc 
lAfed.) • Reception and Gala Centennial Banquet
October 31 • Physical-Chemical M ethods— Antibiotit 
Residues in Tissues and Milk of Food Producing Ani
m als— Sym posium  • Environmental Toxicology anc 
Chemical Analysis— Symposium (also Thurs. and Fri.)
November 1 • Storage, Handling & Disposal of Hazard
ous C hem icals: Laboratory Safety— Sym posium  ■ 
Chromatographic Methods in Drug Analysis of Body 
Fluids— Symposium
November 2 • Disinfectants Workshop

X

A D V A N C E  R E G IS T R A T IO N
A O A C  C E N T E N N IA L  M E E T IN G  —  O C T O B E R  2 8 - N O V E M B E R  2, 1984

(Advance Registration Deadline: October 10, 1984)
Name:___________________________________________________________________________(Please Print or Type)
Title:_____________________________________________________________
Organization:____________________________________________________________________
Is this □  private industry, □  government agency, □  academia?
Street Address:__________________________________________________________________
G ty :_______________________________  State (Country):____________________________
Zip:________________________________  Telephone:_________________________________
AOAC Member No?:_____________________________________________________________
□  I would like to become a member and take advantage of the member discount. 1 

am enclosing $25 membership fee along with member registration fee.

TOTAL AMOUNT ENCLOSED: $______________________________________

Registration Fees:
Members* Non-Members

FULL MEETING:
Advance Registration: $60.00 $ 85.00
On-Site Registration: 75.00 100.00
ONE DAY:
Advance Registration: $35.00 $ 45.00
On-Site Registration: 50.00 60.00
Please Indicate Day(s) Attending:

□  M □  Tu □  W □  Th □  F
*To b e  e lig ib le  f o r  m e m b e r  r e g is tr a t io n  fe e ,  m e m b e r s  

m u s t  in c lu d e  A O A C  M e m b e r  N u m b e r .

PAYMENT MUST ACCOMPANY REGISTRATION FORM (U.S. Funds Only).

Please check the appropriate box:
□  Past President □  General Referee □  Retired Fellow of the AOAC □  Symposium Speaker □  Member of Committee A-G

□  This is my first AOAC meeting.

Please Mail To:
AOAC

1111N. 19th Street, Suite 210-J 
Arlington, VA USA 22209

For more information, contact Margaret Ridgell at above address or at 
(703) 522-3032 in U.S., +1-703-522-3032 outside U.S. (P h o to c o p y  t h is  fo r m  f o r  a d d i t io n a l  a d v a n c e  r e g is tra tio n s .



★  ★  ★ ★  ★  ★  ★  ★
A t  T h e  C e n t e n n ia l  M eeting—  

T h e  9 8 T H  A n n u a l A O A C  I n t e r n a t io n a l  M e e t in g

O c to b e r 2 9 -N o v e m b e r 2 ,1 9 8 4  
S h o re h a m  H o te l, W a sh in g to n , D C

E ig h t  I n f o r m a t iv e  

S y m p o s ia

A nalysis o f  P esticide  
Products fo r  Im pu rities and  
Degradation M aterials
■ ¡■ I Sam pling and A nalysis o f  
F ertilizers

Q uality A ssurance/Q uality 
Control fo r  A nalytical Laboratories

■ H i  Education in  M odem  
A nalytical Chemistry 
■ H I  Physical-Chem ical M ethods 

fo r  D eterm ining A n tib io tic Residues 
in  Tissues and M ilk o f  Food 
Producing Anim als 
■ H  E nvironm ental Toxicology 
and Chemical A nalysis

■  Chromatographic M ethods in  
Drug A nalysis o f  Body Fluids

Storage, H andling, & 
D isposal o f  H azardous Chemicals: A 
Laboratory Safety Sym posium

Chairmen: James Launer, Oregon Department of 
Agriculture
Alan R. Hanks, Purdue University 
October 30, 1984
Chairmen: Robert C. Rund, Purdue University 
Frank J. Johnson, Tennessee Valley Authority 
October 29-30, 1984
I—  Adm inistration
II—  Laboratory Quality Control
III—  Collaborative Studies & Statistics 
Chairman: Keith A. McCully, Health & Welfare 
Canada
October 30-31, 1984
Chairman: Henry Freiser, University of Arizona 
October 29, 1984
Chairmen: William A. Moats, US Department of 
Agriculture
Badar Shaikh, US Food and Drug Administration 
October 31, 1984
Chairmen: David Stallings, US Department of 
Interior
Warren Crummett, Dow Chemical Co.
October 31-November 2, 1984 
Chairman: Pokar Kabra, University of California, 
San Francisco 
November 1, 1984
Chairman: Robert Bianchi, Drug Enforcement
Administration
November 1, 1984

For more information or to register, contact Meeting Manager, 
AOAC, 1111 N. 19th St, Suite 210-J, Arlington, VA 22209, 703/522-3032.



A N N O U N C I N G

A New Handbook on How to Set Up or Improve Laboratory Quality Assurance Programs
Q u a l i t y  A s s u r a n c e  P r i n c i p l e s  

f o r  A n a l y t i c a l  L a b o r a t o r i e s
b y  F re d e r ic k  M. G a rf ie ld

fo rm er Assistant A dm inistra tor  
U.S. Drug Enforcement Adm inistration

This handbook provides essential informa
tion needed to design, docum ent, implement, 
or improve a laboratory quality assurance pro
gram . . .  A program  that can enable you to 
docum ent the credibility o f your laboratory’s 
analytical data.

The handbook also provides a rational and 
solidly based justification for com m itment of 
resources to im proved laboratory operation.

Drawing from published principles, prac
tices, guidelines, and procedures, the book 
brings together the experiences o f experts w ho 
have developed and implemented successful 
“ QA” programs.
CONTENTS:
Chapters—
I. Administrative Considerations
II. Personnel Management
III. Management of Equipment and Supplies
IV. Records Maintenance
V. Sample Analysis
VI. Proficiency Testing
VII. Audit Procedures
VIII. Design and Safety o f Facilities
IX. Laboratory Accreditation Programs and 

G ood Laboratory Practices Regulations

A ppendices—
A. Quality Assurance Publications 

and Programs
B. Forms Used by U.S. Federal Agencies
C. Instrum ent Performance Checks
D. Control Charts
E. FDA Audit Measure Procedures
F. Safety Publications
G. Glossary

1984. 224 pp. Softbound. ISBN 0-935584-26-9. 
Price — Members: $41.25 in U.S., $44.25 outside 

U.S.; Nonmembers: $45.50 in U.S., $48.50 
outside U.S.

QUALITY ASSURANCE PRINCIPLES Bar ANALYTICAL LABORATORIES

1884-1984

A J jA C
To obtain book, send 
order and remittance 

to AOAC, 1111 N. 19th 
Street, Suite 210-J, 

Arlington, VA 
22209 USA 

(US funds only)
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FOR YOUR INFORMATION
A O A C  t o  H o l d  C e n t e n n i a l  I n t e r n a t i o n a l  
M e e t i n g

The Association of Official Analytical 
Chemists (AOAC), founded in 1884, will 
highlight its centennial celebration with 
the 98th Annual International Meeting 
and Exposition, to be held October 28- 
November 2, 1984, at the Shoreham 
Hotel, Washington, DC.

Throughout the years, AOAC has 
continued to monitor the evolution of 
m ethods of analysis , which have 
expanded to include many new materi
als; to promote uniformity and reliabil
ity in the statement cf analytical results; 
to promote, conduct, and encourage 
research in agriculture, public health, 
and regulatory control of commodities 
in these fields; and to afford opportunity 
for discussion of matters of interest to 
scientists engaged in relevant pursuits.

The Centennial Meeting will feature 
noted international speakers, including: 
Dr. Linus Pauling, Nobel Laureate; Peter 
Barton Hutt, former General Counsel 
of the Food and Drug Administration; 
and Dr. Cyril Ponnamperuma, Director 
of the University of Maryland Labora
tory of Chemical Evolution.

The technical program will include 8 
symposia: Analysis of Pesticide Prod
ucts for Impurities and Degradation 
Materials, October 29-30; Sampling and 
Analysis of Fertilizers, October 29-30; 
Quality Assurance/Quality Control for 
Analytical Laboratories, October 30-31; 
E ducation  for M odern A nalytical 
C hem istry , O ctober 29; Physical- 
Chemical M ethods for Determining 
Antibiotic Residues in Tissues and Milk 
of Food Producing Animals, October 
31; Environm ental Toxicology and 
Chem ical A nalysis, O ctober 31- 
November 2; Storage, Handling, and 
Disposal of Hazardous Chemicals: A 
L abo ra to ry  Safety Sym posium , 
November 1; and Chromatographic 
Methods in Drug Analysis of Body 
Fluids, November 1.

The balance of the technical program 
will consist of more than 200 presenta
tions of papers on new techniques, 
methods, and instrumentation for the 
analysis of foods, drugs, pesticides, 
cosmetics, feeds, fertilizers, mycotox- 
ins, beverages, colors, forensic science 
materials, hazardous substances, vita
mins, water and air pollutants, micro
biological and extraneous material con
tamination of foods, and related sub
jects.

A number of international organiza
tions, invited to join the AOAC celebra

tion, will meet during the week of Octo
ber 22-27: a joint International Union 
of Pure and A pplied C hem istry 
(IUPAC)-AOAC International Sym
posium on Harmonization of Collabo
rative Studies, a Collaborative Inter
national Pesticide Analytical Council 
(CIPAC) meeting, International Dairy 
Federation (IDF) Chemical Week, and 
meetings of International Organization 
for Standardization Technical Commit
tees 134 (ISO/TC 134-Fertilizers) and 34 
(ISO/TC 34/SC7-Spices).

More than 75 suppliers will exhibit 
the latest in analytical equipment and 
services. At Exhibitors Night, October 
29, exhibitors will make short presen
tations on new products.

The 2-day AOAC short course, Qual
ity Assurance for Analytical Laborato
ries—Plan Development and Manage
ment, is scheduled for October 27 and 
28, preceding the Annual Meeting to 
enable course registrants to attend the 
meeting. Short course registration is 
limited to 30 persons and is separate 
from meeting registration. Course fees 
are $300.00 for members and $335.00 for 
nonmembers.

Two workshops are presently sched
uled—an all-day, walk-in workshop on 
using the microcomputer to integrate 
information into scientific reports and 
publications (October 30), and a work
shop in the evening on analytical tech
niques.

The opening reception will be held at 
the U.S. Botanical Gardens on Sunday 
evening, October 28. The Centennial 
Banquet will be on Tuesday evening, 
October 30.

Advance registration fees for the 
meeting are $35.00 (Members)/$45.00 
(Nonmembers) for one day and $60.00 
(Members)/$85.00 (Nonmembers) for the 
full meeting. On-site registration for one 
day is $50.00 (Members)/$60.00 (Non
members) and $75.00 (Members)/$100.00 
(Nonmembers) for the full meeting.

For hotel reservations, contact the 
Shoreham Hotel, Calvert St and Con
necticut Ave, NW, Washington, DC 
20008; 202/234-0700.

For further details, contact Margaret 
Ridgell, AOAC, 1111 N 19th St, Suite 
210, Arlington, VA 22209; 703/522-3032.
I n t e r i m  M e t h o d s  A d o p t e d

The following methods have been 
adopted interim first action by approval 
of the appropriate General Referee, 
Committee on Official Methods, and 
Chairman of the Official Methods Board:

Atomic A bsorption Spectrom etric 
Determination of Tin in Canned Foods, 
using Nitric Acid-Hydrochloric Acid 
Digestion and Nitrous Oxide-Acetylene 
Flame, by Robert W. Dabeka, Arthur
E. McKenzie, Health and Welfare Can
ada, and Richard Albert, Food and Drug 
Administration; Luke et al. Method for 
Multipesticide Residues in Fruits and 
Vegetables, by Leon D. Sawyer, Food 
and Drug A dm inistra tion ; Atom ic 
Absorption Spectrometric Determina
tion of Copper in Liver, by David L. 
Osheim and P. Frank Ross, Ames 
National Veterinary Services Labs; 
Color Classification of Honey by Lovi- 
bond 2000 Comparator, by Jonathan W. 
White, Honeytech, Inc.; Liquid Chro
matographic Determination of Methyl- 
dopa and Methyldopa-Thiazine Com
binations in Tablets, by Susan Ting, Food 
and Drug Administration; and Liquid 
Chrom atographic D eterm ination of 
Allopurinol in Tablets, by Donald Shos- 
tak, Food and Drug Administration.

These methods will be recommended 
for vote and adoption by the member
ship at the AOAC Centennial Interna
tional Meeting, October 28-November 
2, 1984.
C h e c k  S a m p l e  S e r v i c e

The American Association of Cereal 
Chemists (AACC) announces a new 
Check Sample Program for ethylene 
dibromide (EDB). The special sample 
will be issued monthly and will contain 
2 products: a whole grain product, such 
as wheat, corn, oats, or rice, and a flour 
or mix.

To ensure uniformity on delivery, 
samples will be packed in Vi pint Ball 
jars sealed with a lid and rings, packed 
on dry ice, and shipped via UPS Blue 
Label, with an enclosed reporting form.

Subscribers are cautioned to keep 
samples frozen until analysis and to 
submit their results in parts per billion 
to AACC no later than 10 days after 
receiving the sample to achieve accu
rate results. Results may be mailed or 
phoned in to AACC. Although optional, 
subscribers will be asked to indicate the 
method of EDB analysis used. Sub
scribers are identified only by collabo
rator number, 
for galley 242

The price for the 12 monthly samples 
is $600.00. The first sample was shipped 
July 1, 1984. For more information, 
contact: AACC Check Sample, 3340 Pilot 
Knob Rd, St. Paul, MN 55121; 612/454- 
7250.
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FOR YOUR INFORMATION

S h o r t  C o u r s e s
The Am erican A ssociation  o f Cereal 

Chem ists (AACC) announces 5 short 
courses: (1) F ood Fortification: Practi
cal A spects o f  Fortifying Foods with 
Vitam ins, M inerals and Proteins, O cto
ber 4 -5 , 1984, H oliday Inn, M inneapo
lis, M N. This course will provide food  
technologists, product m anagers, and 
management personnel who are involved  
in the form ulation, developm ent, and 
marketing o f foods with an understand
ing o f  w hy and how  vitam ins, minerals, 
and protein can be added to foods.

(2) Gum Chem istry and T echnology  
in the F ood Industry, N ovem ber 7 -9 ,
1984, H oliday Inn, Chicago City Cen
ter, Chicago, IL. This course will pro
vide food chem ists, scientists, and pro
duction and related managerial person
nel w ho are involved in the form ulation, 
developm ent, and manufacture o f new  
and im proved foods with an under
standing o f  the role o f polysaccharide 
gums in processed  food products.

(3) Starch: Structure, Properties, and 
Food U ses , D ecem ber 6 -7 , 1984, H ol
iday Inn O ’H are K ennedy, Chicago, IL. 
This course will provide food and indus
try personnel with an understanding o f  
the chem ical and physical properties o f  
starches and their uses in food.

(4) Milling for Cereal C hem ists, Jan
uary 1985, K ansas State U niversity, 
M anhattan, K S. (5) Introduction to  
Cereal Chem istry and T echnology, May
1985, M inneapolis, M N . For more 
information, contact: D otty Ginsburg, 
AACC, 3340 Pilot K nob Rd, St. Paul, 
M N 55121; 612/454-7250.
E d i t o r s  S e e k  N e w s  a b o u t  R a r e  T e s t s

The Am erican A ssociation  for Clini
cal Chem istry (AACC) plans to publish 
the second edition o f  the Directory of 
Rare Analyses in late 1984 or early 1985. 
The directory is a com pilation o f  clinical 
laboratories that perform unusual tests, 
including those tests not already per
formed by tw o or more o f  the country’s 
major reference laboratories.

Readers w ho know o f individuals or 
laboratories performing unusual tests are 
asked to inform the D irectory’s editors, 
Dr Jocelyn H icks and Dr Donald Young, 
by c o n ta c t in g  M arilyn  W e rk h e ise r , 
AACC, 1725 K St, N W , Suite 1010, 
W ashington, DC 20006; 202/857-0717.
M e e t i n g s

Septem ber 30-O ctober 4, 1984: 
Am erican A ssociation o f  Cereal Chem 
is ts  6 9 th  A n n u a l M e e t in g , H y a tt

R egency, M inneapolis, M N . The tech
nical program will include the follow ing  
sym posia: C om plex Carbohydrates—  
Their Role in a H ealthy Diet; Protein 
Im provem ent in Cereals and O ilseeds 
Through Traditional and M odem  Genetic 
Approaches; Starch Properties in Proc
essed  F oods; Bread Baking— Research  
Findings and Practical C onsequences; 
Water A ctiv ity— Influence on Cereal 
F oods; W heat Industry Council Sym 
posium ; and the G ood H ousekeeping  
Institute Consum er Concerns Sym po
sium. Contact: AACC Annual M eeting, 
3340 Pilot K nob Rd, St. Paul, M N 55121; 
612/454-7250.

October 11-13, 1984: Sym posium  on 
th e D ia g n o s is  o f  M y c o to x ic o s is  o f  
Im portance in the United States and 
Japan, N ational Animal D isease Cen
ter, PO B ox 70, D ayton A v e, A m es, I A , 
sponsored by the United States-Japan  
C ooperative Program, the D evelop 
m en t and U t i l iz a t io n  o f  N a tu ra l  
R esources Joint Panel on T oxic M icro
organism s, and the National Animal 
D is e a s e  C e n te r . C o n ta c t:  Jo h n  L. 
Richard, PO B ox 70, Dayton A ve, Am es, 
IA 50010.

October 26-27, 1984: Northeastern  
A ssociation  o f  Forensic Scientists 10th 
Annual M eeting, Long Island Marriott 
H otel, U niondale, N ew  York. Sessions  
will include: drugs, crim inalistics, tox
ico logy, serology, forensic paint analy
sis, com puter assisted instrum entation, 
laboratory safety , and clandestine lab
oratory synthesis. Contact: Jeffrey M. 
W eber, Drug Enforcem ent Administra
tion, N ortheast Laboratory, 555 W est 
57th St, Suite 1886, N ew  York, N Y  
10019; 212/399-5137.

October 28-November 2,1984: AO AC  
Centennial International M eeting, Sho- 
reham H otel, W ashington, DC. Con
tact: Margaret Ridgell, AO AC , 1111 N  
19th St, Suite 210, Arlington, VA  22209; 
703/522-3032.

October 29-30, 1984: AO AC Sym 
posium  on Sam pling and A nalysis o f 
Fertilizers, Shoreham  H otel, W ashing
ton, DC. One o f  the events planned for 
the centennial celebration, this sym po
sium will feature international speakers, 
addressing a wide variety o f  topics 
including developm ent and influence o f  
AOAC fertilizer methods throughout the 
world on the m easurem ent and effects  
o f  physical properties on sampling and 
analyses; analytical autom ation; labo
ratory com puterization; and statistical 
quality control. Contact: Robert C. 
Rund, Purdue U n iversity, Dept o f B:o-

chem istry, W est L afayette, IN  47907; 
317/494-1492. Frank J. Johnson, TVA, 
Natl Fertilizer D ev . Center, M uscle 
Shoals, A L  35660; 205/386-2543.

April 9-11, 1985: AO AC 10th Annual 
Spring Training W orkshop, Sheraton  
H otel, D allas, TX. The program will 
contain session s on a variety o f  topics, 
including the environment, foods, feeds, 
drugs, and instrumentation. Contact: M. 
Virginia G ibson, F D A , 332 Bryan, Dal
las, TX 75204; 214/767-0312 and M olly 
R eady, A lcon L abs, 6201 S Freew ay, 
Fort W orth, TX 76134; 817/293-0450.

April 28-May 3, 1985: American  
Chem ical Society  D ivision  o f  Analytical 
Chem istry Sym posium  on Analytical 
M ethods in Forensic Chem istry and 
T oxico logy in conjunction with ACS 
189th National M eeting, Miami, FL. The 
scientific program o f the symposium will 
com prise invited lectures and contrib
uted papers dealing with the follow ing  
topics: novel optical and spectroscopic  
m e th o d s , a n a ly t ic a l sep a r a tio n  and  
chrom atographic m ethods, electroana- 
lytical m ethods, biological and immu
nological m ethods, autom ated system s, 
com puter aided m ethods, lum inesc
en ces, electrophoresis, drug analysis, 
exp losive analysis, gunshot residue, 
arson and bloodstain investigations, trace 
evidence detection , and other recent 
advances in forensic analytical chem 
istry and analytical toxico logy.

ACS invites individuals and groups to 
submit for consideration abstracts o f  
papers that are review s or original 
research. Abstracts o f 150 words on ACS 
standard abstract form s should be sent 
to M. H. H o, Departm ent o f  Chem istry, 
U niversity o f  Alabam a in Birmingham, 
Birmingham, A L  35294; 205/934-4747, 
by N ovem ber 30, 1985. The proceed
ings will be published as a hard-cover 
book in the AC S Sym posium  Series.

April 29-May 3, 1985: American 
Chem ical S ociety  International Sym 
posium  on Biological M onitoring o f  
Exposure to M etals and Inorganic Com 
pounds, M iami, F L . This sym posium  
will a ssess  the directions o f biological 
m onitoring and em phasize m etals, inor
ganic and organom etallic com pounds, 
and their m etabolites. T opics to be co v 
ered  in c lu d e :  a n a ly t ic a l  m e th o d s ;  
m etabolism  and m etabolic indicators; 
conditions, lim itations, and reliability of  
biological m onitoring; relationship to 
a m b ie n t m o n ito r in g  and m ed ic a l  
screening; correlation and interpreta
tion o f  results; and genetic markers o f  
toxicity. Authors w ishing to contribute
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FOR YOUR INFORMATION
papers must submit 150-word abstracts 
to H. K. Dillon, Southern Research 
Institute, 2000 9th Ave, S, PO Box 55305, 
Birmingham, AL 35255-5305; 205/323- 
6592 by November 30,1984. Publication

of the proceedings is planned.
N e w  P r i v a t e  S u s t a i n i n g  M e m b e r s

AOAC welcomes 2 new Private Sus
taining Members to the growing list of

firms aware of the need to support an 
independent methods validation asso
ciation: Heublein Wines, 12667 Rd. 24, 
Madera, CA; and Royal Iceland Corp., 
PO Box 5715, Berkeley, CA.

will be held in DALLAS
A P R I L  8 - 1 1 , 1 9 8 5

at the New Sheraton-Plaza of the Americas Complex where there are 
20 restaurants, shops, an ice skating rink, and an art museum.

For more information contact:
M. Virginia Gipson, Food and Drug Administration, 3032 Bryan, Dallas, TX 75204, (214) 767-0309 or 

Molly Ready, Alcon Laboratories, 6201 S. Freeway, Fort Worth, TX 76134, (817) 293-0450
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INSTRUCTIONS TO AUTHORS

S c o p e  o f  A r t i c l e s

The Journal of the AOAC will publish articles that present, within 
the fields of interest of the Association (a) unpublished original research ; 
( b) new methods; (c) further studies of previously published methods;
(d) background work leading to development of methods; (e) com
pilations of authentic data; (f) technical communications, cautionary 
notes, and comments on techniques, apparatus, and reagents; (g) 
invited reviews of methodology in special fields. The scope broadly 
encompasses the development and validation of analytical proce
dures pertaining to both the physical and biological sciences related 
to agriculture, public health and safety, consumer protection, and 
quality of the environment. Emphasis is focused on research and 
development to test and adopt precise, accurate, and sensitive meth
ods for the analysis of foods, food additives, supplements and con
taminants, cosmetics, drugs, toxins, hazardous substances, pesti
cides, feeds, fertilizers, and the environment. Compilations of authentic 
data include monitoring data of pesticide, metal, and industrial chem
ical residues in food, tissues, and the environment. All articles are 
reviewed for scientific content and appropriateness.
P r e p a r a t i o n  o f  M a n u s c r i p t

Authors must submit 3 copies of the complete manuscript, includ
ing tables and illustrations, to AOAC. 1111 N 19th St. Arlington, 
VA. The manuscript is to be typewritten on one side of white bond 
paper, 8 V2 x 11 inches, with page margins of 1 inch, and doublespaced throughout (i.e. title, authors’ names and addresses, foot
notes, tables, references, captions for illustrations, and the text itself). 
Tables are to be typed on separate sheets, not interspersed through 
the manuscript. Drawings and photographs should be mounted apart 
from the text or submitted as separate items.
S t y l e  a n d  F o r m a t

The text should be written in clear, concise, grammatical English. 
Unusual abbreviations should be employed as little as possible and 
must alv/ays be defined the first time they appear. Titles of articles 
should be specific and descriptive. Full first names, middle initial (if 
any), and last names of authors should be given. The address of the 
institution (including zip code) from which the paper is submitted 
should be given and should be in a form to which inquiries, proofs, 
and requests for reprints can be sent. Information supplementing the 
title and names and addresses should be given as footnotes.

Methods, Results and/or Discussion, Acknowledgments, and Rec
ommendations (applicable to reports of General and Associate Ref
erees) should be placed in sections under appropriate headings.

Abstracts: Each manuscript should be accompanied by a concise 
abstract (not more than 200 words). The abstract should provide 
specific information rather than generalized statements.

Introduction: Each article should include a statement on why the 
work was done, the previous work done, and the use of the compound 
being studied.

Methods: Methods should be written in imperative style, i.e., 
“ Add 10 mL . . . Heat to boiling . . . Read in spectrophotometer.” 
Special reagents and apparatus should be separated from the details 
of the procedure and placed in sections with appropriate headings; 
however, common reagents and apparatus or those which require no 
special preparation or assembly, need not be listed separately. Reagents 
and apparatus listed should be described in generic terms and in 
terms of performance; use of brand names should be avoided. Haz
ardous and/or carcinogenic chemicals should be noted. Any very 
long, detailed operation can be given in a separate section with an 
appropriate heading (e.g., Preparation of Sample; Extraction and 
Cleanup; Preparation of Standard Curve). Any necessary calcula
tions should be included; number of significant figures must reflect 
the accuracy of the method. Wherever possible, metric units should 
be used for measurements or quantities.

Tables: All tables must be cited in the text consecutively. Tables 
are numbered by arabic numbers, and every table must have a

descriptive title, sufficient so that the table can stand by itself without 
reference to the text. Every vertical column in the table should have 
a heading; abbreviations may be used freely in the headings to save 
space, but should be self-evident or must be explained in footnotes. 
Footnotes to both the headings and the body of the table are indicated 
by lower case letters in alphabetical order; these letters should be 
underscored and raised above the line of type. Horizontal rules 
should be used sparingly; however, they are used to bound the table 
at top and bottom and to divide the heads from the columns. Authors 
should refer to recent issues of the Journal for acceptable format of 
tables.

Illustrations: Illustrations, or figures, may be submitted as original 
drawings or photographs; photocopies are acceptable for the two 
review copies but not for the printer’s copy. All figures must be cited 
in the text consecutively. Figures are numbered by arabic numbers, 
and all figures must be accompanied by descriptive captions, typed 
on one (or more) separate sheets, not on the figure itself. The figure 
should be identified by number on the back by a soft pencil or 
(preferably) a gummed label.

Drawings should be submitted either as the original drawing or a 
good glossy photograph; photocopies, multiliths, Verifax copies, 
Xerox copies, etc. are not acceptable. Drawings should be done in 
black India ink (ordinary blue or blue-black ink is not acceptable) or 
with drafting tape on white tracing paper or tracing cloth or on “ fade- 
out” graph paper (ordinary graph paper ruled with green or dark blue 
ink is not acceptable). Lettering should be done with a Leroy lettering 
set, press-on lettering, or a similar device; freehand or typewritten 
lettering is not acceptable. Values for ordinate and abscissa should 
be given, with proper identification conforming to Journal style 
(example: wavelength, nm), at the sides and bottom of the figure. 
Lettering or numbering on the face of the figure itself should be kept 
at a minimum; supplementary information should be given in the 
caption. Several curves on the same figure should be identified by 
simple symbols, such as letters or numbers, and the proper identifi
cation or explanation given in the caption. Letters and numbers 
should be large enough to allow reduction to journal page or column 
size. The Journal does not publish straight line calibration curves; 
this information can be stated in the text.

Footnotes: Footnotes are a distraction to the reader and should be 
kept to a minimum. Footnotes to the text are identified by arabic 
numbers set above the line of type (not asterisks or similar symbols).

Acknowledgments: Essential credits may be included at the end of 
the text but should be kept to a minimum, omitting social and aca
demic titles. Information on meeting presentation, financial assis
tance, and disclaimers should be unnumbered footnotes.

References: References to previously published work should be 
collected at the end of the article under the heading “ References.” 
Each item in the list is preceded by an arabic number in parentheses. 
Every reference must be cited somewhere in the text in numerical 
order (rather than alphabetical or chronological). It is the author's 
responsibility to verify all information given in the references.

References to journal articles must include the following infor
mation: last names and at least one initial of all authors (no? just the 
senior author); year of publication, enclosed in parentheses; title of 
journal, abbreviated according to accepted Chemical Abstracts style; 
volume number; numbers of first and last pages. References to books, 
bulletins, pamphlets, etc. must include the following information: 
last names and initials of authors or editors; year of publication, 
enclosed in parentheses; full title of book; volume number or edition 
(unless it is the first edition); publisher; city of publication; numbers 
of pertinent pages, chapter, or section. Citation to private commu
nications or unpublished data should be included in the text, not in 
the list of references.

Spectrophotometric, gas chromatographic, and liquid chromato
graphic nomenclature should follow the practice recommended by 
the American Society for Testing and Materials.
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INFORMATION FOR SUBSCRIBERS, CONTRIBUTORS, AND 
ADVERTISERS

The Association The primary objective 
of the Association of Official Analytical 
Chemists (AOAC) is to obtain, improve, 
develop, test, and adopt uniform, precise, 
and accurate methods for the analysis of foods, 
vitamins, food additives, pesticides, drugs, 
cosmetics, plants, feeds, fertilizers, hazard
ous substances, air, »vater, and any other 
products, substances, or phenomena affect
ing the public health and safety, the eco
nomic protection of the consumer, or the 
protection of the quality of the environment; 
to promote uniformity and reliability in the 
statement of analytical results; to promote, 
conduct, and encourage research in the ana
lytical sciences related to agriculture, public 
health, and regulatory control of commodi
ties in these fields; anc to afford opportunity 
for the discussion of matters of interest to 
scientists engaged in relevant pursuits.

Membership Membership in AOAC is 
open to all interested persons worldwide. 
Sustaining m embershns are available to any 
government agency or private company 
interested in supporting an independent 
methods validation program.

The Journal The Journal of the Associ
ation of Official Analytical Chemists is pub
lished by AOAC, 1111 N 19th St. Suite 210, 
Arlington, VA 22209. The Journal is issued 
six times a year in January, March, May, 
July, September, and November. Each vol
ume will contain approximately 1400 pages. 
The scope of the Journal broadly encom
passes the development and validation of 
analytical procedures pertaining to both the 
physical and biological sciences related to 
agriculture, public health and safety, con
sumer protection, and the quality of the envi
ronment. Emphasis is focused on research 
and development to test and adopt precise.

accurate, and sensitive methods for the ana
lysis of foods, food additives and supple
ments, contaminants, cosmetics, drugs, tox
ins, hazardous substances, pesticides, feeds, 
fertilizers, and the environment.

M anuscrip ts  M anuscrip ts should be 
typewritten, double-spaced, and carefully 
revised before submission: the original and 
two copies should be submitted to AOAC, 
1111 N 19th St, Suite 210, Arlington, VA 
22209. “ Instructions to Authors” is pub
lished in the Journal, and is also available on 
request from the Editorial Office.

Subscriptions Subscriptions are sold by 
the volume, as follows: Members: $74.25 in 
U.S.; $84.25 outside U.S. Nonmembers: 
$82.50 in U.S.; $92.50 outside U.S. Airmail: 
$48.00 additional per year. Claim for copies 
lost in the mail will not be allowed unless 
received within thirty days of the date of 
issue for U.S. subscribers or ninety days for 
all others. Claimants must state that the pub
lication was not received at their recorded 
address. Address request for replacement 
copies to AOAC, 1111 N 19th St, Suite 210, 
Arlington, VA 22209. For subscribers out
side the U.S., replacement of copies of the 
Journal lost in transit cannot be made with
out charge because of uncertain mailing con
ditions.

Change o f  Address Notification should 
include both old and new addresses, with ZIP 
code, and be accompanied by a mailing label 
from a recent issue. Allow four weeks for 
change to become effective. Subscribers out
side the U.S. should use airmail for notifi
cation.

Reprints Authors may order reprints of 
articles when they return typeset proofs. An 
order form and schedule of rates is included 
with each author proof. Readers who wish

to obtain individual reprints should contact 
authors directly.

Microfilm  Volumes on microfilm are 
available from Princeton Microfilm Corp., 
PO Box 2073, Princeton, NJ 08540.

Copying  Persons requiring copies of 
Journal articles beyond the number allowed 
by the fair use provisions of the 1978 copy
right law may request permission to copy 
directly from AOAC, or make the required 
copies and pay $1.00 per copy through the 
Copyright Clearance Center. Inc., 21 Con
gress St, Salem. MA 01970. Articles which 
are copied and royalties paid through the 
Copyright Clearance Center must be identi
fied by the following code: 0004-5756/84$ 1.00, 
indicating the International Standard Serial 
Number assigned to J. Assoc. Off. Anal. 
Chem., the year, and the copying fee. Infor
mation on the use of the Copyright Clearance 
Center is available from the Center.

Advertising All space reservations and 
all advertising copy are due 2 months in 
advance of publication at AOAC, 1111 N 
19th St, Suite 210, Arlington, VA 22209. 
Advertising inserted for 3 or 6 times within 
one year of first insertion earns frequency 
discount rates. Contact Marilyn Taub, AOAC, 
for size requirements and schedule of rates.

European Representatives For informa
tion about AOAC and its publications, per
sons outside the U.S. may also contact the 
following: M argreet T uinstra-Lauw aars, 
Langhoven 12, 6721 SR Bennekom, The 
Netherlands, telephone 8-389-8725. Harold 
Egan, Laboratory of the Government Chem
ist, Cornwall House, Stamford St, London, 
UK SE1 9NQ, telephone 1-904-6229. 
POSTMASTER: Send address changes to 
AOAC. 1111 N 19th St. Suite 210. Arlington. 
VA 22209.

A t  T h e  C e n t e n n ia l  M e e t in g —
T h e  9 8 IH  A n n u a l  AOAC I n t e r n a t io n a l  M e e t in g

O c t o b e r  2 9 - N o v e m b e r  2 ,  1 9 8 4  
S h o r e h a m  H o t e l ,  W a s h i n g t o n , D C

For more information or to register, contact Meeting Manager,
AOAC, 1111 N. 19th St, Suite 210-J, Arlington, VA 22209, 703/522-3032.
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A CENTURY OF ANALYTICAL EXCELLENCE
The H istory o f Feed A nalysis, as C hronicled  in the D evelopm ent o f AO AC  O fficial M ethods, 
1 8 8 4 -1 9 8 4

VALVA C. MIDKIFF
R e tire d , U n iv ersity  o f  K e n tu ck y , C o lle g e  o f  A g ricu ltu re , L e x in g to n , K Y  40546-0064

In the early part of the nineteenth century, chemists in 
Germany, France, and England were beginning to experiment 
in the field of agriculture. Agricultural experiment stations 
began to study soils, fertilizers, and related topics. German 
agricultural chemists recognized the necessity for uniformity 
of methods and for testing and improving them.

The largest business in the United States at the time (about 
1850-1880) was agriculture. Because there were signs of soil 
deterioration through continuous cultivation, agricultural 
chemists also became interested in the constituents of soils, 
soil erosion, and fertilizers. The states began to appoint leg
islative committees on agriculture, to make geological sur
veys, to start agricultural publications, and to form agricul
tural societies; chemists began to preach the importance of 
scientific agriculture, particularly the use of fertilizers to 
increase crop production.

At this time, there were no uniform methods of sampling 
and analyzing various brands of fertilizers. State laboratories 
and manufacturers of fertilizer were using different methods, 
which led to widely varying results and regulatory confusion.

On May 20, 1880, J. T. Henderson, Commissioner of Agri
culture for Georgia, mailed a circular letter to several com
missioners of agriculture, representatives of state boards of 
agriculture, state chemists, and professors of chemistry in 
state universities and state agricultural colleges to suggest a 
convention to discuss fertilizer analysis. A meeting was held 
in Washington, DC, on July 28, 1880, “ to consider the impor
tance of securing such uniformity of methods in determining 
by chemical analysis the percentage of valuable ingredients 
in commercial fertilizers, as well as give more uniform, and 
hence more satisfactory, results” (1).

Additional meetings were held in Boston on August 27, 
1880, and in Cincinnati on August 18, 1881. Because of con
tinued unsatisfactory conditions. Judge J. T. Henderson, 
president of the Agriculture Chemists, called for a fourth 
meeting in Atlanta, on May 15,1884. This convention appointed 
a committee to develop a permanent organization of agricul
tural chemists. On September 9, 1884, in Philadelphia, the 
Committee on Organization submitted its report in the form 
of a constitution, which was adopted, and this became the 
first meeting of the Association of Official Agricultural Chem
ists.

From the beginning, the purpose of AOAC has been to 
bring together methods, test them through collaborative study, 
and publish the approved official methods for general use. 
The uniqueness of the AOAC procedure is the collaborative 
study. This cooperative effort of many laboratories working 
under a variety of conditions really tests the ruggedness of a 
method. One could not possibly get the quantity and quality

Present address: 161 Cherokee Park, Lexington, KY 40503.

of data, such as inter- and intralaboratory differences, except 
through collaborative study. There is no substitute for it.

Of course, these reliable, validated methods are not sacred. 
As materials and conditions change, the analytical methods 
must also change. Official methods are continually evaluated 
to keep analyses in step with new products and new com
positions which may need new methods or modifications of 
present methods. The AOAC mechanism is flexible enough 
to make these changes.

Because AOAC methods are thoroughly studied, collabo- 
ratively tested, statistically treated, and evaluated over a 
period of time, they have the prestige and authority recog
nized in the courts. These methods are used throughout the 
world for protection of the consumer and honest manufac
turer of materials.

In the beginning, AOAC members tested only fertilizers 
and, therefore, chose the name Association of Official Agri
cultural Chemists. Now the scope of AOAC has become so 
broad that in 1965 a more appropriate name was chosen— 
Association of Official Analytical Chemists.

For the first few years after 1884, the Association studied 
methods for the determination of nitrogen, phosphoric acid, 
and potash in fertilizers, exclusively. In 1886. the Association 
started testing feedstuffs, such as corn, cottonseed meal, 
linseed oil meal, hay, and, particularly, fodders for protein, 
ether extract or fat, fiber, moisture, ash, and nitrogen-free 
extract. Fodder analysis was very popular at this time. 
Apparently, little cooperative testing and unification of meth
ods had been done in Germany, and none had been done on 
fodders. In his address in 1893, the AOAC president said, 
“ except for the examination of commercial fertilizers, the 
methods generally used for fodder analysis use more time of 
the agricultural chemists than any other line. ” Feedstuffs can 
be very complex mixtures. In 1896. chemists had difficulties 
even with single products, as stated in the address of the 
president: “ The matter of the analysis of foods and feedstuffs, 
as shown by the experience of this association, is one of the 
most difficult questions connected with the work of this orga
nization.” As we move through the years, feedstuffs become 
increasingly more complex and more interesting for the chemist 
to analyze.
P r o t e i n

Protein is one of the most important constituents of feeds. 
In determining protein, we actually measure the nitrogen 
content and multiply it by the factor 6.25. Because feeds do 
not contain nitrates and are mostly organic materials, the 
methodologies for protein in feeds are different from those in 
fertilizers.

Some of the cider procedures for nitrogen were the Ruffle, 
soda-lime, cupric oxide or absolute, and Kjeldahl. Except for 
the Kjeldahl procedure, these were very tedious and time 
consuming. One of the first official methods for determination
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of nitrogen was the Dumas method, where gaseous nitrogen 
is evolved, collected, measured, and reduced to standard 
conditions for calculation of percentage of protein.

The Kjeldahl method was first introduced in 1883 (2). Three 
years later, agricultural chemists had become interested in 
this method because it was easier and more rapid than the 
Dumas or Ruffle method. Briefly, the sample was digested in 
20 mL sulfuric acid with 0.7 g mercuric oxide until the solution 
was clear, usually VAh. Potassium permanganate was added 
dropwise until the liquid remained purple; then the solution 
was cooled and transferred to a distillation flask. Zinc gran
ules, potassium sulfide, and alkali were added, the mixture 
was distilled into standard hydrochloric acid, and back-titrated 
with standard ammonia. Heat was supplied by Bunsen burn
ers for both digestion and distillation. Wilfarth was the first 
to advocate the use of mercury in Kjeldahl digestions (3). 
Mercuric oxide was not used in the original work of Kjeldahl. 
In 1887, this was the official method for determining nitrogen 
in cattle feed. In the 1890 annual meeting report on nitrogen, 
Van Slyke said that ne had used the J. W. Gunning method
(4), in which the author used one part potassium sulfate and 
two parts strong sulfuric acid on wheat middlings, flour, and 
other organic substances. Results compared closely with the 
official method. No potassium permanganate, no form of 
mercury, and no potassium sulfide were used.

A collaborative study of the Kjeldahl and the Gunning 
methods on bone and cottonseed meal samples gave practi
cally the same results for both methods. The Gunning method 
became an official alternative for analysis of organic materials 
(cattle feed). In the 1893 annual report on nitrogen, the rec
ommendations were as follows:

1. That the Gunning method be put on full equality with 
the Kjeldahl method.

2. That the strength of standard acid be 0.2N and the alkali 
be 0.1N.

3. That sulfuric acid be standardized by BaCT and that 
sodium hydroxide as well as standard hydrochloric acid 
and ammonia be official.

Some chemists preferred standard sodium hydroxide to stan
dard ammonium hydroxide (ammonia) because it contained 
no volatile constituents.

Through the years, various methods such as the Dumas, 
soda-lime, and Kjeldahl had been used. By 1920, the Kjeldahl 
method seemed to be used almost universally by feed control 
chemists. However, protein results on some materials by 
some analysts were often not in good agreement. It was 
thought that analysts were not careful in carrying out minute 
details of the method. Little had been published on the results 
of investigations where details of the method had been studied 
for causes of discrepancies. To study various parts of the 
apparatus and the digestion step, an investigation (5) was 
made using cottonseed meal, because it is particularly diffi
cult to analyze, and pure ammonia salts. Ammonium chloride 
was used in a study of the following aspects:

1. Efficiency of connecting bulbs and of distillation appa
ratus used.

2. Effect of varying quantities of standard acid and water 
in the receiving flasks and effect of varying the quantities 
of distillate.

3. Quantity of distillate necessary when large amounts of 
nitrogen are present.

4. Effect of loss of sulfuric acid and of digestion with 
sulfuric acid alone.

5. Effect of using a short-neck flask and of using a guard 
with a long-neck flask.

6. Effect of overheating, allowing a strong flame to strike 
the flask above the acid.

7. Influence of time and of use of potassium sulfide in 
connection with various reagents used in the protein 
determination.

8. Effect of mercuric oxide, potassium permanganate, and 
copper sulfate reagents, and of the quantity of sample 
used in the protein determination.

A summary of the findings was as follows:
1. The use of an efficient distillation bulb is important.
2. The use of a guard in digestion is essential.
3. The use of potassium permanganate is at least unnec

essary.
4. The reagents, in addition to sulfuric acid, which are most 

time efficient are combined potassium or sodium sulfate, 
mercuric oxide, and potassium sulfide.

5. Copper sulfate may be used in place of mercuric oxide 
and potassium sulfide if digestion time is lengthened.

6. The digestion time after clearing is important and should 
be determined for each kind of substance that is exam
ined. In most instances, 3 h digestion is sufficient.

Having made this investigation, the authors suggested the 
following method which, if carefully followed in every respect, 
would give satisfactory results for cottonseed meal or similar 
materials:

Grind the sample to such a fineness that it will pass through 
a 30 mesh sieve, or a sieve having round 1 mm openings. 
Place 2 g of this thoroughly mixed sample in 500 mL digestion 
flask, add 0.5-0.7 g mercuric oxide or its equivalent of metal
lic mercury, 5-10 g potassium or sodium sulfate, and shake 
the flask until the contents are well mixed. Add 30 mL sulfuric 
acid and again shake until the acid and dry material in the 
flask are perfectly homogeneous; this mixture should be prac
tically free from lumps. Place the flask in an inclined position, 
using a guard having a hole for the flask of such size that the 
flask can never be exposed to the bare flame above the acid 
at any time during digestion, and heat with a very low flame 
until the frothing ceases. Gradually increase the flame until 
the liquid boils briskly, using a flame with air so regulated 
that it gives a sharp, pointed, blue flame. Continue this heat
ing until the solution is entirely clear; this should require 1- 
P/2 h. Decrease the heat until the liquid boils gently and 
continue this digestion for 3 h. Let cool and add an excess of 
saturated sodium hydroxide solution (50-60 mL), permitting 
it to run down the side of the flask so that it does not mix 
with the acid solution. Add a few pieces of granulated zinc 
and connect the flask with the distillation apparatus. This 
apparatus must be equipped with the most efficient form of 
Kjeldahl connecting bulb, inserted between distillation flask 
and condenser. Mix the contents by shaking and distill about 
150 mL into very accurately measured standard acid, using 
an excess of acid necessary to hold all the ammonia.

If it is desired to use copper sulfate in place of mercuric 
oxide, substitute 0.3-0.5 g copper sulfate for the mercury, 
digest for 6 h after the solution becomes clear, and omit the 
potassium sulfide.

The above method was used with slight modification for 
about 30 years. From what we know now, the digestion step 
was the critical part because of the salt:acid ratio and the lack 
of sufficient, even heat in the digestion.

In a contributed paper, “ Kjeldahl Determination of Nitro
gen in Refractory Materials“ (6). nicotinic acid was used to 
evaluate catalysts, particularly selenium with mercuric oxide, 
and to determine the amount of potassium sulfate for the 
digest. In the discussion of the experiments, the time of 
digestion and the amounts of potassium sulfate and mercuric
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oxide had an interrelated effect on the loss of nitrogen in 
presence of selenium. Selenium as an additional catalyst was 
not recommended. Because potassium sulfate is usually mea
sured by volume, it is possible, when trying to measure 15 g, 
to actually measure 11 g or 13 g. This can affect the results 
remarkably.

The following year, a study (7) showed that the great dis
crepancies of results may be attributed principally to the 
boiling temperatures or insufficient heat, particularly with 
refractory materials.

A collaborative study of the Dumas method using the Cole
man nitrogen analyzer was conducted, recommended, and 
adopted official first action (8). The sample weights used 
ranged from 50 to 300 mg, depending on the kinds of mate
rials. The weak point in this procedure is the impracticality 
of grinding the sample fine enough and thoroughly mixing it 
to obtain, in the small weight called for, a representative 
aliquot for most samples routinely analyzed in a control lab
oratory.

Since 1970, much has been written about semiautomated 
and automated nitrogen methods for feeds, using the block 
digestor, Technicon Kjeldahl analyzer, Kjel-Foss analyzer, 
stopped-flow analyzer, and combinations of these. Ammonia 
is determined by the indophenol blue or ammonia salicylate 
reaction. All these techniques compare well with the official 
manual Kjeldahl procedure. They save time and material 
costs but the instruments are usually expensive, difficult to 
set up and calibrate, and not as versatile as the standard 
manual Kjeldahl method.

By 1941, research had shown that ruminants could use 
ammoniacal and urea nitrogen as partial substitutes for pro
tein. It was apparent that a method of analysis would be 
needed if these ingredients were to be used in cattle feeds. A 
method was developed, collaboratively studied, modified, 
and adopted official (9). Briefly, the method is as follows:

Place the samples in a Kjeldahl digestion flask, add water 
and urease solution, stopper, and let stand 1 h at room tem
perature. Rinse the stopper, add MgO, a small amount of 
CaCK, and defoamant, distill into a measured quantity of 
standard acid, and titrate with standard alkali.

A colorimetric procedure for urea in feeds and the AO AC 
urease method were studied collaboratively in 1961 (10). The 
reaction of urea and p-dimethylaminobenzaldehyde (DMAB) 
was the basis of the colorimetric procedure. At this time the 
DMAB method did not have the accuracy and precision of 
the official method. Later (1967), the method was improved 
with regard to sampling, color reading (420 nm instead of 440 
nm), and calibration (reference standard analyzed with each 
set of samples). A collaborative study compared the official 
enzymatic method with the colorimetric method; results were 
satisfactory, and the colorimetric method was adopted (11). 
It is still in use today.
F a t  o r  E t h e r  E x t r a c t

Ether extract (fat) is one of the earliest determinations. In 
1887, the first samples sent to chemists in experiment stations 
were hay, bran, and cottonseed meal with instructions to use 
the methods of preference. Some chemists used Squibbs ether, 
others used ordinary washed ether; some used Soxhlet self
siphoning extractors, some used continuous extractors, some 
used a few hours extraction, and others used up to 3 or 4 
days extraction. The results varied as much as 2% from an 
average total of 3-4%.

By 1891, the method was as follows: Dry 2 or 3 g of the 
substance 4 h by heating fully to the temperature of boiling 
water in a current of dry hydrogen; extract 16 h with specially

prepared anhydrous and alcohol-free ether. Dry the extract 
to constant weight by exposure to the full heat of boiling 
water. If the feed contains molasses, wash with water, filter, 
dry, and then extract with ether.

In the early 1930s, dried milk products were used in feeds. 
To determine fat in these materials, the Roese-Gottlieb ten
tative, the Roese-Gottlieb modified, and the acid hydrolysis 
methods were studied. The Roese-Gottlieb modified method 
was adopted because it was simple and convenient and gave 
good comparative results (12).

In the late 1930s, fish meal was used extensively in feeds. 
Fat content, depending on the type of raw materials and the 
method of processing used in their manufacture, seemed to 
vary widely. Testing laboratories added to the confusion by 
using different fat solvents. Industry asked AOAC to study 
the problem.

Analysis of fat in fish meal was studied on 4 samples of 
meal, using 12 different solvents and extraction periods rang
ing from 4 to 32 h (13). All meal samples were dried in a 
vacuum oven 2 h at 80°C. Because fish oils are highly unsat
urated and readily susceptible to oxidation, the fat becomes 
less soluble. According to the writer, the amount of ether- 
extractable fat can decrease by as much as 50% over a period 
of 9 months. The solvents studied were petroleum ether, 
hexane, heptane, ethyl ether, carbon disulfide, cyclohexane, 
benzene, methylene chloride, trichloroethylene, chloroform, 
acetone, and 1,4-dioxane. All solvents except acetone gave 
little increase in extraction value beyond 4 h. For acetone, 
16-24 h was required. Ethyl ether, carbon disulfide, and 
cyclohexane gave quite similar values, which were slightly 
above petroleum ether, hexane, and heptane. In general, all 
solvents tested gave definitely lower extract values after the 
meal had oxidized.

In a 1942 summary report (14), the 2 most used solvents 
for extracting fat from fish meal were petroleum benzene and 
ethyl ether. Both had limitations as efficient solvents. Prelim
inary drying of the sample was more apt to decrease than 
increase the accuracy of the fat determination. None of the 
solvents or solvent mixtures in the procedures investigated 
gave accurate measures of the fat content.

In later studies, initial fat recoveries were much higher in 
fish meal when acetone was substituted for ether. Hydrolysis 
of the extracted meal with acid followed by a second extrac
tion usually increased the yield of fat by about 1%. The sum 
of the 2 extracts represented total fat. This procedure (15) 
was adopted for determining fat in fish meal.

Collaborative study on 6 varied samples (16) was done to 
compare the present official 16 h crude fat extraction method 
with the 4 h high-heat Goldfisch fat extractor for feeding- 
stuffs. The results by the latter method were consistently 
lower than those for the official 16 h method. The Goldfisch 
method was net recommended but could be used where time 
was an important factor.

Until the Goldfisch apparatus was introduced, crude fat in 
feeds was extracted 16 h at low heat by the Soxhlet extractor. 
By 1950, most of the state and federal laboratories were using 
the 4 h high-heat extraction of the Goldfisch apparatus. Because 
of so much interest in the shorter method, which gave only 
slightly lower results than the 16 h extraction, a second col
laborative study was done (17). The method was changed to 
read: “ Use thimble with porosity permitting rapid passage of 
the ether. Extraction period may vary from 4 h at conden
sation rate of 5-6 drops/s to 16 h at 2-3 drops/s.”

In 1942, a report was made on fat in cooked animal foods 
containing cereals (18). The acid hydrolysis method gave 
more fat for dry dog food samples than did the direct ether
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extraction. Agreement was close on canned dog foods. In a 
later study (19), it was shown that the acid hydrolysis method 
for fat always gave higher results than did the ether extract 
method, even for ingredients of canned dog food. It was 
surmised that the acid hydrolysate contained materials other 
than fat. A method was devised to determine true fat content 
by determining the free and total fatty acids and glycerol 
content of the extracts. Both canned and baked dog foods 
were analyzed. The results showed that the ether extract was 
almost 99% true fat. and the acid hydrolysate contained mate
rials other than fat. Because of this study, the acid hydrolysis 
method was discontinued.

About 10 years later, a new acid hydrolysis method for fat 
in baked dog food was collaboratively studied and adopted 
official (20). After acid hydrolysis in a Mojonnier tube, a 
series of extractions were made that used alcohol, ether, and 
petroleum ether. The ether was finally evaporated and dried, 
and fat was weighed. Ten years later (1961) this method was 
recommended to include expanded dog foods and in 1976 to 
include intermediate moisture pet foods.

When urea is present, fat extraction by ethyl ether gives a 
positive bias because urea is slightly soluble in ether. To 
correct for this, the sample is extracted with water and dried 
before ether extraction.
C r u d e  F i b e r

In 1887, the first reported crude fiber analyses were done 
on hay, bran, and cottonseed meal, using the Weende method. 
Basically, the method is the same today: Extract the fat from 
2g, add 200 mL boiling 1.25% sulfuric acid, boil 30 min, filter, 
add 200 mL 1.25% sodium hydroxide, boil 30 min, filter 
through a Gooch crucible, wash with water, alcohol, and 
ether, dry, weigh, ash, cool, and weigh. Calculate the crude 
fiber content from the sample weight loss.

Until the turn of the century, the main concern of the crude 
fiber method was keeping the acid and alkali at 1.25% by 
titration, keeping the 200 mL volume constant by using con
densers over beakers, and assuring that the crude fiber did 
not contain appreciable quantities of nitrogenous bodies. After 
the introduction of the pentosan determination, interest 
developed for a pentosan-free crude fiber method. Konig (21) 
introduced a practically pentosan-free crude fiber method 
which consisted of boiling the material with glycerol contain
ing sulfuric acid (boiling point 131—133°C).

The first collaborative study comparing the official method 
with the Konig fiber method showed that the latter, although 
practically pentosan-free, did not completely remove the 
albuminoid matter from materials high in protein. The Konig 
method was modified: Following the glycerol-sulfuric acid 
treatment, transfer Lie residue to a flask, add 200 mL hot 
1.25% sodium hydroxide, boil 30 min, filter through a Gooch 
crucible, dry, weigh, and ash. The loss of weight equals the 
amount of crude fiber.

The modified Konig procedure gave fiber almost free of 
pentosans and albuminoids but the high boiling temperature 
caused a hydrolytic action on the cellulose. Testing the offi
cial and Konig methods on pure cellulose showed twice as 
much loss with the former. Because the cellulose loss by the 
Konig method was much larger than the error caused by the 
presence of pentosans in the present official method, the 
Konig method was abandoned.

Another fiber method was proposed: Instead of filtering 
the acid solution at the end of the first digestion, add 200 mL 
3.52% sodium hydroxide, boil 30 min, filter through linen, 
wash with hot water, wash with 1.25% boiling acid, wash 
with hot water, transfer to a Gooch crucible, wash with water,

alcohol, and ether, dry, weigh, ash, cool, weigh, and calculate 
crude fiber. No time was saved because the filtration was 
slowed by reprecipitation of solids, which also caused a pos
itive bias.

Since the official method is an empirical one, any deviation 
from it will give different results.

The details of the crude fiber method (22) were studied to 
demonstrate that small changes probably cause problems 
within the bounds of the official method and to determine 
what details must be included in a proposed method to make 
it more satisfactory. Condensers, filtration delays, contain
ers, ether extract removal, degree of fineness of grind, filter
ing media, and effect of asbestos were considered.

The conclusions were as follows: Follow directions of the 
method carefully. Check 1.25% acid and alkali by titration. 
Use especially prepared asbestos. Use Liebig water-jacketed 
condenser. Keep solution in container at 1-1'A in. deep. Use 
butchers’ linen, 4.5 threads/in.

The modified method was as follows: Extract 2 g dry mate
rial with ether. Transfer the residue and 0.5 g asbestos to the 
digestion flask. Add 200 mL boiling 1.25% sulfuric acid, con
nect to condenser, heat to boil in 1 min, and boil exactly 30 
min. Rotate flask every 5 min. Immediately filter through 
linen in a fluted funnel and wash with boiling water. Wash 
the residue back into the flask with 200 mL boiling sodium 
hydroxide by a blow tube. Allow ca 3 min between flasks 
returned to the heater. Boil solution exactly 30 min and filter 
immediately through a Gooch crucible prepared with a thin 
layer of ignited asbestos. Wash with boiling water and about 
15 mL alcohol. Dry at 110°C to constant weight, cool, weigh, 
and incinerate. Cool in desiccator and weigh. Report the 
weight loss as amount crude fiber.

After minor changes and collaborative studies done in 1921 
and 1923, the method was adopted official.

Many papers written later stressed that many analysts did 
not follow the method carefully. One important step was to 
rotate the beaker every 5 min to bring the fiber lodged on the 
walls of the beaker back into the solution. Because each 
sample would be swirled 5 times in both acid and alkali 
solutions, a total of 120 times for 12 samples would be required. 
In 1945, our laboratory was using Labconco apparatus. To 
swirl the beaker required one hand on the digestion beaker 
and the other on a twist knob to lower the heater from the 
condenser. The beaker was then latched back in place. To 
accomplish this task would take too much of a technician’s 
time. Many control laboratories around the country using 
this same apparatus were probably not following the method 
carefully on this important point. To better follow the method, 
our laboratory mounted the extractors on heavy duty springs, 
which allowed the analyst to shake the entire 6-unit extractor 
with one hand in 1-2 s.

After the 1957 AOAC meeting, the AOAC-AOCS Crude 
Fiber Liaison Committee was organized. Four years later the 
committee presented a completely revised crude fiber method, 
which was adopted official final action (23). The main points 
are listed:

1. Filtering device using a 200 mesh stainless steel screen
2. Porcelain crucible instead of a filtering crucible to ash 

the residue
3. Asbestos, especially treated
4. Antifoam agents
5. Liquid preheater
6. Beaker rotated periodically

Probably the most important change was the California-type 
buchner filter funnel. The fiber method has remained the same 
to date.
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Throughout the 1960s. many papers were published about 
acid detergent fiber and lignin. The AOAC fiber method was 
considered to have many incorrectable factors in conflict with 
the animal digestive system. One particular flaw of the method 
was the measure of lignin. Van Soest of Cornell University 
has published many studies on the acid detergent fiber method. 
In 1973, after collaborative study, a method was adopted 
official first action (24).
A s h

In 1887, the method for ash in cattle feeds was as follows: 
Char the substance at a low, red heat, exhaust the charred 
mass with water, burn the insoluble residue, add the ash to 
the residue from the evaporation of the aqueous extract 
obtained above, dry the whole at 110°C, and weigh. Deter
mine carbonic acid and insoluble matter (sand and charcoal) 
in the product for the estimation of the pure ash.

In 1939, it was found that mixed feeds containing added 
oyster shells or limestone gave irregular ash results (25). A 
collaborative study was done on 3 samples: one without CaCO,, 
one with 2% added, and one with 4% added. Each sample 
was ashed at 550, 600, 650, and 700°C for 2, 5, and 16 h. 
Results showed that the ashing temperature should be at least 
650°C for at least 2 h.

The official method for ash is as follows: Weigh 2 g sample 
into a porcelain crucible and place in a preheated furnace 2 
h at 650°C. Desiccate, cool, and weigh immediately. In a later 
report, a 600°C temperature was agreed on because of potas
sium losses at the higher ashing temperature, even though 
some carbon may remain at the lower temperature.
M o i s t u r e

The 1888 method for hygroscopic moisture in cattle feeds 
was as follows: “ Dry 2 to 3 g at 100°C to constant weight.” 
By 1925, it was changed to “ Dry 5 h under a pressure not to 
exceed 100 mm of mercury.” Other methods are toluene 
distillation, drying without heat over sulfuric acid in a vacuum 
desiccator, drying in air oven 2 h at 135°C, and the Karl 
Fischer titration. The new Karl Fischer titrators with elec
trometric end point detection, automatic dispensing of KF 
reagent, and coulometric generation of iodine have made this 
instrument very attractive.
M i n e r a l s

The first feeds containing the minerals calcium, phospho
rus, iodine, and salt came to the attention of AOAC in the 
middle 1920s. The calcium method is as follows: Ash the 
material, dissolve the residue in hydrochloric acid, dilute to 
volume, take an aliquot, adjust the pH. bring to a boil, add 
ammonium oxalate, and let stand overnight. Filter, transfer 
the precipitate to a beaker, add sulfuric acid, bring to a boil, 
and titrate to a slight pink with standard potassium perman
ganate. Calculate the percent calcium. The calcium method 
was collaboratively studied and tentatively adopted (26). Later 
the pH was changed from 3-4 to 2.5-3 to prevent co-precip
itation of magnesium oxalate. After a successful collaborative 
study, the method was adopted official first action.

Phosphorus is determined from the same sample prepara
tion by using the fertilizer gravimetric quinoline molybdate 
procedure (27).

Calcium and phosphorus along with nitrogen have also 
been analyzed simultaneously on an automated system (28). 
The sample is first digested on a block digester. Phosphorus 
and calcium are determined by measuring the absorbances of 
the molybdovanadophosphate and calcium-cresolphthalein 
complexes at 420 and 570 nm, respectively. Routine testing

for calcium in ration feeds is now done by atomic absorption 
spectrophotometry.

The iodine method is as follows: Extract the mineral with 
alcohol, acidify the extract, oxidize with hydrogen peroxide, 
extract with carbon disulfide, and compare the solution with 
a similarly prepared standard. This method was replaced with 
the Knapheide-Lamb method (29) which appeared in Official 
Methods o f Analysis ( 1935) 4th Ed. and was long and tedious. 
A method by Elmslie-Caldwell was shorter and simpler than 
the Knapheide-Lamb method, and preferred for routine work
(30). A collaborative report showed the mean averages of 
results by the 2 methods were the same. By 1950, both were 
official methods.

A screening procedure was proposed for the determination 
of iodide in feeds and plants by ion-selective electrode anal
ysis (31). It compared favorably with the AOAC methods for 
feeds containing only the iodide ion.

In 1940, AOAC had no procedure for quantitative analysis 
of salt in feeds. The usual way to measure salt was to deter
mine the chlorine content and calculate the percentage of 
sodium chloride. Chlorine from sources other than salt was 
often present. If total chlorine was determined, the organic 
matter had to be destroyed by ignition or digestion. In either 
case, problems arose with loss of chlorine or incomplete 
digestion. Most of these methods were tedious.

Because the total chlorine content of the ingredients is not 
available, it is better to measure the water-soluble chlorine. 
A method was developed (32) to extract water-soluble chlo
rine from feedingstuffs with dilute ferric sulfate solution fol
lowed by addition of dilute ammonium hydroxide. This pro
cedure precipitated the protein to give a clarified solution in 
a short time. Solutions were added to the sample by pipet to 
make a definite volume, samples were shaken and filtered, 
and an aliquot was taken for titration with AgN03 and KSCN. 
After a collaborative study, this was made the official method 
for soluble chlorine in feedingstuffs.

In 1969, a collaborative study on a potentiometric titration 
method for soluble chloride in feeds (33) was conducted, 
recommended, and approved for official first action.

A need for determining manganese in feeds arose when a 
deficiency of this element caused perosis in chicks. Collab
orative studies were done on a colorimetric potassium meta
periodate method, which involved dry-ashing, nitric-sulfuric 
acid solution digestion, evaporation, phosphoric acid diges
tion, filtration, oxidation, and reading of color (34). This acid- 
soluble manganese method was adopted official.

The first method for copper in feeds involved development 
of a color complex with ammonia and tetraethylene-penta- 
mine. Later, a collaborative study of copper in feeds by 
atomic absorption spectrophotometry (AAS) (35) was suc
cessful, and the method was adopted official first action. In 
fact, the older colorimetric procedures for minor elements in 
feeds have generally been replaced by atomic absorption 
spectrophotometric procedures, which are faster, more spe
cific, and usually more sensitive. A giant step forward on the 
speed and accuracy of the AAS procedure came with the 
development of electrobalances, which can be interfaced to 
a microprocessor or computer. All data from sample weight, 
dilutions by weight, and calculations can be stored and printed 
accurately and quickly. There is really no comparison between 
this technique and the gravimetric, colorimetric, or titrimetric 
procedures of a decade or more ago.
S a m p l i n g  a n d  S a m p l e  P r e p a r a t i o n

Feed sampling and sample preparation are important parts 
of feed analysis Up to this period, information on what tools
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to use and how to use them has been limited. A 1940 report 
on sampling feedingstuffs (36) compared 3 triers: (A) Wheat 
trier, 11'A in. open end, tapered; (B) flax trier, 18A in.. lOA 
x 7/i6 in. slot on tapered tube; and (C) single tube, slotted 
trier, length over 31 in., diameter }A  in., and 24 x 9/i6in. slot. 
Samples were taken from bagged protein concentrates and 
alfalfa products by each trier and analyzed for protein and 
ash. The conclusion was that the type of trier is of no signif
icance.

A later study was made using the same triers plus 2 longer 
double tubes, one 5A in. diameter and 9 slots, the other 7/s in. 
diameter and 6 slots. The conclusion was much the same as 
that of the previous year.

Nothing appeared in Official Methods o f Analysis on sam
pling grain and stock feeds until the sixth edition. 1945. The 
official first action procedure was to take cores from not less 
than 10% of bags present but not more than 20 bags. Samples 
were to be thoroughly mixed on oilcloth and reduced by 
quartering.

In 1955. a report cn sampling compared probe devices with 
hand sampling of pellet-ground feed mixtures. The samplers 
were 36 in. long, slotted cone tip: (1) 3A  in. diameter with A 
x 24 in. slot; (2) 1A in. diameter with 7/s x 26 in. slot; (3) 
1A in. diameter with slot 4 opening 1A x 2 in. along one 
side. Hand samples were also taken. The conclusions were 
that the smallest probe did not operate consistently well with 
this type of mixture, sampler 3 showed improvement over 
the other types, and hand methods were the most satisfac
tory.

Questionnaires were mailed to all state laboratories asking 
for exact dimensions and descriptions of triers they used, 
how they were used, and how many cores were taken. On 
the basis of this information, the single tube trier was the 
most satisfactory: single slot, 28-30 in. overall length, 3A  in. 
diameter, and a 20-24 in. slot.

As a result of a survey on feed sampling techniques and 
the Miles and Quackenbush report (37), the Associate Ref
eree on feed sampling made a significant recommendation
(38) to change the sampling procedure as follows: “ From lots 
of 1-10 bags, sample all bags; from lots of 11 or more, sample 
10 bags." This was adopted first action.

A study on sampling bulk commercial feeds (39) reported 
little difference between analysis of 20 cores and 10 cores. 
Therefore, it was recommended that the official sampling 
procedure be amended to specify that at least 10 cores from 
different regions be collected when bulk feeds are sampled.

After a 700-1000 g, 10-core composite dry feed sample 
arrives in the laboratory, good sample preparation for chem
ical analysis is very important. A sample can be ruined if 
improperly prepared. Minimizing possible errors and biases 
requires use of a well made gated-riffle, which equally divides 
the sample before and after grinding. Also required is an 
efficient, relatively high volume, easy to clean mill, such as 
the Brinkman mill, with a 0.75 mm sieve or the equivalent to 
produce a finely ground sample of most dry feed materials. 
The sample is mixed before dividing, ground, and mixed after 
grinding. Riffling the sample 2 or 3 times yields approximately 
50 g for chemical analysis.
F e e d  A d u l t e r a t i o n

The study of feed adulteration was first started by the 
Association about 1914. The apparatus used to examine con
fined feeds included a set of 20-70 mesh sieves, a hand lens, 
a compound microscope with low and high power lenses, 
dissection needles, reagents for clearing and stains, and appa
ratus for making permanent slide mounts.

Types of adulteration found in these early days included 
total substitution of one material for another, e.g.. corn feed 
meal for hominy feed: use of inferior quality substance, e.g., 
linseed meal and flaxseed screenings; addition of coca shells 
to compounded feed; accidental addition; omission of an 
expensive ingredient; and intentional subtractions and addi
tions.

Collaborative studies were conducted on such samples as 
wheat bran and screenings, linseed oil meal with cottonseed 
meal and hulls, scratch feed with grit and weed seeds, cot
tonseed meal with hulls, horse feed, corn bran in hominy 
feeds, oat hulls in oats, rice hulls in rice bran, and bone in 
meat meal. Analysts with training and experience could detect 
adulterated materials with a high degree of accuracy and 
could estimate the quantity fairly well.

In 1928, stock feed was adulterated with dried buttermilk. 
Adulteration could be determined by microscopically iden
tifying the Bacillus lactis stained with methylene blue. In a 
modified procedure, a slide stained with Carbol-Fuchsin could 
detect as little as 0.1% adulteration with dried buttermilk.

Small quantities of ferrous salts, copper salts, and potas
sium iodide in feedingstuffs could be detected by the follow
ing techniques: For ferrous salts, sift the feed over the surface 
of a paper that has been moistened with potassium ferricya- 
nide solution. After a few moments, wash off the feed with 
water. If ferrous salts are present, blue spots will appear. For 
copper salts, use ammonia carbonate in ammonium hydrox
ide solution instead of potassium ferricyanide. For iodide, 
use starch and bromine water instead of potassium iodide. 
The method is sensitive, and it was adopted.

Starch in condensed milk products could be detected by 
boiling a sample in water a few minutes, placing a few milli
liters of cooled mixture in a test tube, and adding a drop of
I-KI test solution. If starch was present, a blue color was 
produced.

In the early 1930s it had been shown that fluorine from 
rock phosphate used in feed was causing toxicity in animals. 
In 1943, a collaborative study on a fluoride method developed 
by Willard and Winter (40) specified alkaline fixation while 
ashing, steam distillation of the volatile hydrofluorosilicic 
acid to separate interferences of other elements, and titration 
of fluoride with thorium nitrate in the presence of an indicator 
to form a pink lake (41). Fluoride bleaches the pink lake, and 
the degree of bleaching is a measure of the fluoride content.

The official AOAC method mentioned above is long and 
tedious(41). When the selective fluoride electrode (42) was 
introduced, a new tool for measuring fluoride in feeds was 
then available to analysts. A collaborative study of an ion- 
selective electrode method for the direct determination of 
fluoride in feeds was conducted by the Associate Referee (43) 
in 1975. Because it specified direct dissolution of the sample 
in 1.0M HC1, it eliminated the ashing, steam distillation, and 
titration steps of the official method, not only saving consid
erable time but also possible sources of errors. Sodium citrate 
and sodium acetate produced the best buffer system to give 
more reproducible potential measurements than any other 
used. This was adopted official first action.

Microscopic examination of feeds dates back to the begin
ning of the century. It has been a very useful tool to analyze 
both qualitatively and quantitatively the adulterants in feeds. 
An experienced microscopist can quickly analyze the quality 
of a feed in a way the analytical chemist cannot. Industry and 
control laboratories have recognized how helpful the micro
scopic analysis really is.

In 1953, at Lexington, KY, the American Association of 
Feed Microscopy was founded. It adopted a constitution,
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collaborated with the Association of American Feed Control 
Officials on definition of feedingstuffs, developed techniques, 
set up a collaborative check sample program, published a 
manual, and was recognized by AO AC. Three method areas 
were established: identification of vegetable tissues; identi
fication of animal tissues; and identification of major mineral 
constitutents. A very good historical report on feed micros
copy was published in 1963 (44). A collaborative study on the 
basic procedure for feed microscopy was done in 1964, rec
ommended, and adopted by AO AC (45).
S u g a r s

The official first action method for sugars in feedingstuffs 
appeared in the 3rd edition of Official Methods o f Analysis 
(1930). Briefly, the sample was boiled in 50% alcohol, filtered, 
clarified with lead acetate and sodium carbonate, filtered, and 
diluted to volume. An aliquot was taken to determine the 
reducing sugars. If sucrose was to be determined, an aliquot 
was hydrolyzed with HC1, neutralized, and diluted to volume. 
An aliquot of this was taken to determine the reducing sugars 
by the Munson and Walker general method (46). The solution 
aliquot was added to 25 mL each of CuS04 and alkaline 
tartrate, brought to boil in 4 min, and boiled exactly 2 min. 
The Cu20  precipitate was filtered, washed, dried, and weighed. 
Sucrose was calculated by referring to the Munson-Walker 
Tables. The method was made official final action the next 
year, and has remained much the same with occasional mod
ifications. For an analyst using the method for the first time 
to analyze total sugars in animal feeds, it was not simple. In 
1974, a simple, precise, volumetric sugar method was devel
oped from parts of several methods (47).

A method for total sugars as invert in animal feeds (48) was 
developed, collaboratively studied, recommended, and adopted 
official first action. The method involves hot water extraction 
of the sample, inversion of the sugar with hydrochloric acid, 
and a direct titration of a standard Soxhlet solution. The key 
points to a successful measurement of the sugar are as fol
lows: Run a pretrial of the unknown solution to determine 
within 1 mL the final titration with the sample solution; bring 
to boil in 2 min and complete the titration in 1 min with a 
strong oblique light to facilitate seeing the color change at the 
end point.
V i t a m i n s

In 1932, large quantities of fish oils, cod liver oil, and liver 
meal were used in poultry feeds to supply vitamin D. An 
Associate Referee proposed a method to measure the potency 
of vitamin D on the basis of differences of bone ash of the 
tibia of chickens fed a rickets-production ration for 5 weeks 
and those fed the same ration with materials to be assayed. 
The method was studied collaboratively and looked promis
ing. Two years later, with some changes, it was tentatively 
adopted (49).

In the following years, various studies of cleaning, dis
secting, fat extraction, composite ashing of the tibia, changes 
in feeding times, and reference standards led to rewriting the 
method. Further studies showed that bones could be stored 
in alcohol, ashing for 1 h at 850°C is adequate, group ashing 
is as reliable as individual ashing and saves time, and there 
is a linear relationship between bone ash and body weight for 
all levels of vitamin D. It was also determined that the middle 
toe of the chick could be used to replace the tibia for ashing. 
This sensitive procedure was much more rapid, and the chicks 
did not have to be killed.

Microbiological and fluorometric methods for determining 
vitamin B: or riboflavin have been collaboratively studied on

dried milk, yeast, dehydrated alfalfa meal, whole wheat, and 
flour.

In 1951, a spectrophotometric method for vitamin A, using 
antimony trichloride, was adopted official action (50). A few 
years later, some of the manufacturers of vitamin A encap
sulated it in a matrix called stabilized vitamin A, which was 
not extractable with hexane. Another problem arose when 
manufacturers added to feeds the antioxidant diphenylphen- 
ylenediamine, which caused interference in the vitamin A 
determination. Sampling caused problems because of the par
ticle distribution of the high potency granules of stabilized 
vitamin A. These and other problems kept the method in first 
action status.

A new, shorter method (51) was reported for vitamin A in 
mixed feeds in 1958 and, after collaborative study, was rec
ommended for first action adoption; the older method was 
deleted.

Carotene, pro-vitamin A, was first studied in 1937 (52). A 
tentative method, limited to hays and dried plants, was adopted 
in 1941. Two years later, a collaborative study showed that 
by using a MgO-packed column, carotene, cryptoxanthin, 
and impurities could be separated from the crude carotene 
solution. Collaborative studies of various modifications were 
made through the years. In 1970, a new method (53) for 
determining carotenes and xanthophylls in dried plant mate
rials and mixed feed was collaboratively studied and adopted 
as the official method.

D r u g s  i n  F e e d s
Sulfaquinoxaline, used in poultry feeds to control cocci- 

diosis, was the first drug studied by AOAC. The method (54) 
was as follows: Treat the sample with 0.5N NaOH, take an 
aliquot, add ZnS04 solution to precipitate proteins, filter, take 
an aliquot, and acidify with 0.1N HC1. Add sodium nitrate, 
ammonium sulfamate, and the coupling reagent, N-(l-naph
thyl Jethylenediamine dihydrochloride, to produce a purplish 
red color which is measured on the spectrophotometer. It is 
the arylamido group that is diazotized and measured by the 
Bratton-Marshall reaction (55).

Later, it was found that the above method did not always 
recover all of the drug added, especially from aged or pellet
ized feeds. A new method was devised which used stronger 
alkali, HC1 instead of ZnS04, and careful observance of time.

If arsanilic acid is also present, the sulfaquinoxaline is 
removed from :he clarified solution with ether, leaving arsan
ilic acid to be determined. Total absorbance minus that for 
arsanilic acid gives absorbance due to sulfaquinoxaline. The 
method was collaboratively studied and adopted (56).

Because of criticism that the official method did not recover 
guaranteed amounts of sulfaquinoxaline, a new method was 
developed (57). Briefly, sulfaquinoxaline is extracted with 
dimethyl sulfoxide and chromatographed through an A120 3 
column. The isolated sulfaquinoxaline is diazotized, coupled 
in presence of zirconium, extracted with butanol, and mea
sured at 550 nm. Arsanilic acid remains in the final solution 
and can be measured.

Development, collaborative study, and adoption of meth
ods for determining drugs in animal feeds has been one of the 
most active areas for AOAC in recent years. Two more sulfa 
drugs, nitrophenide, used to control coccidiosis in poultry, 
and enheptin, used for prevention of blackhead in turkeys, 
appeared in 1952. In 1954, a modified method for enheptin 
and a new method for p-arsanilic acid were collaboratively 
studied (58). Nitrofurazone, a coccidiostat in poultry feeds, 
was first collaboratively studied in 1956 (59). A colorimetric
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determination of nitrofurazone and furazolidone in feeds and 
premixes (60), based on the reaction of phenylhydrazine 
hydrochloride to form bright red 5-nitrofurfural phenylhydra- 
zones, was shown to be rapid, simple, accurate, and repro
ducible. The procedure was modified in a collaborative study 
of furazolidone and fcifurans in feeds (61) by using an A120 3-  
Mg(OH): column to minimize interferences and eliminate the 
pre-extraction step.

A liquid chromatographic (LC) method was presented to 
determine furazolidone, nitrofurazone, ethopabate, and car- 
badox in medicated feeds (62). A colorimetric method was 
adopted for nicarbazin (63). LC methods are superior to col
orimetric methods because of their simplicity and specificity.

The drug diethylstilbestrol first appeared in 1955; cattle 
feeds were supplemented at the 5 mg/lb level. A search for a 
method of analysis began in 1956, and a method was adopted 
in 1959 (64). In 1969, a gas chromatographic (GC) method 
(65) for determination of diethylstilbestrol in feeds was devel
oped that used dienestrol diacetate as an internal standard. 
The extractant was 7% ethanol in chloroform. A volatile 
derivative of diethylstilbestrol was made using bis-(trimeth- 
ylsilyl)acetamide. Recoveries averaged 100.6% with a 5% 
coefficient of variation for the 0.0011-0.0022% range. Another 
GC method was developed based on reaction with dichlo- 
roacetyl chloride to fcrm an ester measurable with an electron 
affinity detector and with dioctyltetrachlorophthalate as internal 
standard.

A fluorometric method was developed to determine dieth
ylstilbestrol in liquid and dry feeds at the ppb level, but the 
purification step to remove interferences was long. The GC 
methods have become the methods of choice and are capable 
of reaching the 2 ppb level.

Roxarsone is used in poultry and swine feed to increase 
weight gain. A colorimetric method (66), which is rapid and 
satisfactory for routine work, was developed. The color reac
tion is considered specific for this drug because the common 
feed medicants are adsorbed at this pH by activated charcoal. 
The drug is extracted with 2% sodium bicarbonate solution, 
and proteins are precipitated by pH adjustment; after cen
trifugation the yellow solution is treated with charcoal at pH 
12, filtered, and read from one cell. A second cell is acidified 
and read. The difference in absorbance is due to roxarsone. 
Other techniques were based on the determination of arsenic 
in the molecule by a colorimetric procedure and by atomic 
absorption spectrophotometry with the arsenic electrodeless 
discharge lamp. A new colorimetric method (67) was later 
developed, collaboratively studied, and made official first 
action.

Piperazine, a wormer for swine and poultry, was first 
reported in 1957. A number of methods were proposed: steam 
distillation and a color reaction with quinone; formation of 
piperazine acetate with acetic anhydride, and weighing; and 
GC analysis of piperazine as the diacetylpiperazine. In 1967, 
a colorimetric method was developed (68) which was a water 
extraction of piperazine and subsequent reaction with hot 
alcoholic p-benzoquinone to form a colored complex. This 
method was collaboratively studied and adopted official first 
action.

The official spectrophotometric method for phenothiazine 
was adopted in 1959 (69). A method for steam distillation of 
nicotine followed by ultraviolet spectrophotometric mea
surement was adopted in 1964 (70). A method for nithiazide 
(71), based on DMF extraction, column chromatography, and 
color development in alkaline solution with procaine HC1 and 
a coupling reagent, was developed, studied, and adopted 
official first action.

Reserpine is used in feeds at the 0.002% level for its tran- 
quilizing effect, which also promotes growth. The first AO AC 
method, a colorimetric procedure, was satisfactory for most 
feeds but a more sensitive method was needed. A fluores
cence procedure was developed, collaboratively studied, and 
adopted. It was further studied in 1962 at a 0.2 ppm level and 
again adopted (72).

Zoalene (3,5-dinitro-o-toluamide), a coccidiostat for poul
try feeds at the 0.0063-0.0125% level, appeared on the market 
in 1960 (73). Also in 1960, the feed industry introduced 
ethoxyquin, an antioxidant to prevent feed aging; a photo- 
fluorometric method for ethoxyquin was adopted by AOAC
(74) . Amprolium, a new coccidiostat introduced in 1961, was 
first determined colorimetrically. A shorter and more sensi
tive method using fluorometry was developed and adopted
(75) . A Bratton-Marshall colorimetric method was adopted 
for acetyl-(p-nitrophenyl)sulfanilamide, a coccidiostat used 
in poultry (76).

Ronnel, a systemic insecticide used in cattle feeds to con
trol grubs, flies, and other parasites, was marketed either as 
40% or 5% concentrate. In 1962, a collaborative study was 
done on ronnel in mineral-base mixtures (1.1 to 4.0%). The 
method developed, which used a methanol extraction and 
read absorbancy at 4 different UV wavelengths, was then 
adopted (77). The following year (1963) a method on complete 
feed mixtures (0.04 to 0.3%) was developed, collaboratively 
studied, and adopted (78).

It was later found that the 2,4,5-trichlorophenol decom
position product and ronnel can be separated on a column of 
Dowex 2-X8 ion-exchange resin. Trichlorophenol remains on 
the column and ronnel can be measured in the effluent. A 
collaborative study on this modified method was successful, 
and the method was adopted; the earlier method was deleted 
(79).

In 1967, further studies were made on ronnel, using acetone 
extraction, Florisil cleanup of the extracts, and electron cap
ture gas chromatography for measurement. A GC flame ion
ization detector method for ronnel in cattle feeds at levels of 
0.038-0.055% was studied in 1969 (80). This method involved 
extraction with acetone and direct chromatographic mea
surement; it measured true ronnel and was made official first 
action. The 1965 method for ronnel was repealed.

A later report of a GC method (electron capture detector) 
proved that the low recoveries of ronnel on samples stored 
for long periods of time actually were caused by partial deg
radation of ronnel to 2,4,5-trichlorophenol.

A p-aminobenzoic acid method was developed using the 
Bratton-Marshall reaction (81). Ethopabate (methyl-4-acet- 
amido-2-ethoxybenzoate) is a coccidiostat used in combina
tion with amprolium in poultry feeds. The first method (1964) 
involved diazotization and coupling of the free amine. The 
method (82) was slightly revised in 1965 and adopted. An LC 
method developed in 1977 was sensitive to 1 ng (83). A GC 
method for feed premixes at 0.8-8.0% level was developed 
in 1980 (84). A method was developed for dimetridazole based 
on extraction with hot methanol, chromatography on alu
mina, and absorbance at 318 nm (85).

Thiabendazole is an anthelmintic used in cattle and swine 
feeds. Over a period of several years, various methods were 
tried. In 1966, a method (86) that was applicable to all feeds 
containing 0.005-8.07% thiabendazole was developed, col
laboratively studied, and adopted. The method involves a 
series of extractions into HC1, chloroform, and HC1, followed 
by reaction with zinc, p-phenylenediamine, and ferric ion to 
form a thiazine dye, which is extracted into butanol and 
measured.
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Sulfamethazine is a medicant used in swine feeds, often 
with procaine penicillin. The method developed presented 
problems with colored extracts and incomplete removal of 
penicillin. In 1968, a modified method (87) was developed 
which removed the penicillin; it was adopted official first 
action. The LC technique is much preferred in the analysis 
of sulfonamide-medicated feeds because of its specificity and 
speed (88).

Additional methods have been adopted for nitrodan, an 
anthelmintic used in dog, cat, and poultry feeds (89); buquin- 
olate, a coccidiostat used at the 0.00825% level (90); deco- 
quinate (91), based on its fluorescence in alcoholic solution 
in the presence of calcium, magnesium, or strontium; nequin- 
ate, a coccidiostat used in poultry feeds at the 20 |xg/g level 
(92); ronidazole, used to control blackhead in turkeys (93); 
aklomide, a coccidiostat (94); ipronidazole, used for control 
of blackhead in chickens and turkeys (95); sulfadimethoxine, 
a coccidiostat used in combination with ormetoprim (96); 
nifursol, used to prevent blackhead in turkeys and chickens 
(97); and pyrantel tartrate, an anthelmintic agent used in 
swine feeds at the 0.0881-0.0106% level. The method (98) 
developed for pyrantel tartrate was not applicable to feeds 
co-medicated with tylosin. In the LC method (99), the stan
dard additions technique is used to compensate for the feed 
matrix effect.

Lasalocid is an antibiotic coccidiostat for poultry. A spec- 
trophotometric method (100) was developed, collaborated, 
and adopted. A microbiological assay method was also col
laborated and adopted (101). An LC method for lasalocid in 
premixes (102) was reported to compare favorably with the 
biological method.

Carbadox is an antibacterial agent used in swine feeds. A 
colorimetric method (103) was developed which involved 
extraction with chloroform-methanol, a series of solvent- 
solvent extractions, and a reaction with stannous chloride to 
form a colored complex. The standard additions technique is 
used to compensate for the feed matrix effect.

An LC method (104) for carbadox, furans, and ethopabate 
seems to be superior to the official method because the 
extraction and cleanup are easier, several drugs can be deter
mined at the same time, and it compares well with the col
orimetric methods.

M i c r o b i o l o g i c a l  A n t i b i o t i c  A s s a y s
The use of antibiotics as growth factors in animal nutrition 

was first reported in 1946, when it was shown that diets 
containing sulfasuxidine and streptomycin stimulated the 
growth of chicks (105). This attracted little attention until 
1950, when it was reported that the fermentation products of 
Streptomyces aweofacions stimulated the growth of chicks 
on completely adequate diets which included B,2 (106). These 
findings prompted the use of antibiotics in animal feeds.

In 1953, AOAC appointed William A. Randall as Associate 
Referee to study the assays of feed supplements and concen
trates (107). In 1954, 3 large antibiotic producers, Chas. Pfizer, 
Commercial Solvents Corp., and Lederle Laboratories, a 
division of American Cyanamid, helped to set up the pro
gram. The assays from these companies, along with proce
dures developed at the U.S. Food and Drug Administration, 
were used for the initial test. The best aspects of each method 
were to be incorporated into one method which then would 
be submitted for collaborative study (108).

A collaborative study of penicillin, bacitracin, chlortetra- 
cycline, and oxytetracycline was started in 1955 and com
pleted within a year. The methods were studied collabora

tively and were then recommended for adoption as first action 
at the AOAC annual meeting in October 1956 (109).

From the time the first antibiotic methods were studied and 
approved to the present, many others have been developed. 
Now, there are official methods for bacitracin, chlortetracy- 
cline, erythromycin, hygromycin B, lasalocid, lincomycin, 
monensin, neomycin, novobiocin, nystatin, oleandomycin, 
oxytetracycline, penicillin, spectinomycin, streptomycin, and 
tylosin (110). Most of these antibiotics are assayed by either 
the plate diffusion method or the newer, turbidimetric assays.

In the plate diffusion method, antibiotics are extracted from 
the feed by use of different solvent types, such as acid- 
acetone, acid-methanol, and buffer-acetone. The extract is 
then diluted to a reference concentration. These assay solu
tions are plated an petri plates filled with one of several types 
of antibiotic media. The medium is inoculated with a specific 
bacteria for each antibiotic and poured into the petri plate. 
In the antibiotic assays, a standard curve is run along with 
the samples to be tested. The standard curve consists of 5 
points of known concentrations with the midpoint serving as 
the reference concentration. The antibiotic inhibits the growth 
of bacteria in the agar. Results are obtained by measuring the 
zone of inhibition around the spot where the samples and/or 
standards are plated. The zone size is proportional to the 
concentration of the solution.

A newer technique, adopted in the last few years, is the 
turbidimetric assay. Samples are prepared and extracted as 
above, but test tubes are used instead of petri plates in this 
assay. The tubes are filled with an antibiotic broth medium 
and inoculated with a specific bacteria for the antibiotic to be 
tested. Samples and standards are then pipetted into the 
tubes, and the tubes are incubated 4-6 h. Growth is stopped 
at this point, and the tubes are read on a spectrophotometer. 
The turbidimetric method is a 1 day procedure, whereas the 
plate method takes 2 days.

The next phase in antibiotic assay development will incor
porate LC methods. A few LC methods are now in use, e.g., 
for bacitracin (111).

Feed analysis activity in AOAC from 1887 to about 1925 
was mainly concerned with protein, fat, fiber, moisture, and 
ash determination in straight products, such as corn, cotton
seed meal, linseed oil meal, oats, tankage hay, wheat shorts, 
wheat middlings, and distillers’ products. Then, tests for 
minerals were started. By 1940, vitamin methods were 
appearing in the journals. After 1950, methods for drugs in 
feeds were developed rapidly, reaching a peak about 1970.

Because of the development of new, powerful and auto
mated apparatus using computers, the feed analyst will be 
able to test samples more quickly, with greater accuracy and 
specificity than oefore. This will be particularly welcomed by 
the drug analysts. With equipment such as the liquid chro
matograph, the difficult and expensive analysis of certain 
amino acids may become routine tests in control laboratories 
in the near future.
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DRUGS IN FEEDS
Liquid Chromatographic Determination of Zoalene in Medicated Feeds
JOHN MORAWSKI and GLENN K Y L E 1
W a te r s  A s s o c i a t e s ,  3 4  M a p l e  S t ,  M i l f o r d ,  M A  0 1 7 5 7

A rapid, reliable separation and quantitation of zoalene (3,5-dinitro- 
o-toluamide) from feeds is accomplished by using reverse phase liquid 
chromatography (LC) and ultraviolet detection. An extraction tech
nique which is similar to the present AOAC official colorimetric method 
is used before chromatographic analysis. This extraction is followed by 
an activated alumina cleanup and LC to separate zoalene from feed 
matrix. The methodology was applied to a variety of spiked feed matri
ces, and yielded good recoveries. Liquid chromatographic results were 
shown to correlate with colorimetric determinations.

Zoalene is a drug that is added to feeds intended for con
sumption by chickens and turkeys as an aid in development 
of active immunity to coccidiosis. Coccidiosis is an intestinal 
disease caused by a protozoan of the genus E im e r a ,  and 
results in death. At least 15 species of E im e r a  have been 
isolated as detrimental to poultry. The use of an anticoccidial 
drug (coccidiostat) such as zoalene can control the parasite 
and minimize flock loss (1). Primarily, 2 levels of zoalene are 
used in feeds: starter levels containing between 0.0083 and 
0.01875% zoalene, and grower levels containing between 0.004 
and 0.0083% (2). The present analysis is an AOAC method 
that involves reaction with ethylenediamine followed by col
orimetric determination (3).

The method described in this paper combines the estab
lished AOAC extraction and purification with liquid chro
matographic (LC) determination. This technique easily and 
accurately resolved and measured levels as low as 40 ppm. 
The method offers specificity and freedom from interfer
ences. These interferences may contribute to false increased 
levels if detected by the colorimetric method.

METHOD
A p p a r a t u s  a n d  R e a g e n t s

(a) L i q u i d  c h r o m a t o g r a p h .—Waters Associates Model 
6000A pump equipped with Model U6 K septumless injector, 
Model 440 single wavelength absorbance detector with 254 
nm wavelength filter (or equivalent), and pBondapak™ C18 

column (10 pm). Omniscribe dual pen recorder (Houston 
Instrument) was used to monitor detection. Operating con
ditions: column temperature ambient; mobile phase of ace
tonitrile-water (30 + 70) with 1% acetic acid added to total 
volume; flow rate 1.5 mL/min (1300 psi); sensitivity 0.02 
AUFS; wavelength 254 nm; chart speed 0.2 in./min. Under 
these conditions, zoalene elutes in 5 min.

(b) S o l v e n t s .—Add 850 mL LC grade acetonitrile (Waters 
Associates) to 150 mL deionized water. Filter and degas.

(c) A c t i v a t e d  a l u m in a .—Baker Purified, 100-200 mesh.
(d) S t a n d a r d  s t o c k  s o lu t i o n .—Accurately weigh 40 mg dried 

zoalene reference standard (Dow Chemicals, Agriculture 
Division, Organic Dept) into 1 L volumetric flask. Dilute to 
volume with acetonitrile-water (85 + 15). Stir to dissolve. 
This is equivalent to 0.004% zoalene (w/v or 40 pg/mL). Figure 1. Liquid chromatograms of unextracted (A) vs extracted (B) 

zoalene standard.

'Ingman L aboratories. Inc.. 324 4th Ave S. M inneapolis, MN 55415. 
Received Decem ber 6, 1983. Accepted April 9. 1984.

E x t r a c t i o n  a n d  P u r i f i c a t io n
Extraction and purification methods are similar to those 

used in AOAC method (3): Accurately weigh 10 g ground
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Table 1. LC results (%) for recovery of zoalene from spiked feed samples

Feed LC result Spike Expected Actual Spike ree.

1 0.0129 0.004 0.0169 0.0161 95.21
2 0.0074 0.004 0.0114 0.0106 93.00
3 0.0083 0.004 0.0123 0.01205 97.99
4 0.00536 0.004 0.00936 0.00927 99.00
5 0.00504 0.002 0.00704 0.0066 94.81
6 0.0082 0.002 0.0102 0.0099 97.13

Figure 2. Liquid chromatograms of extracted medicated feed (A) and 
the same extracted feed spiked with 0.004% zoalene (B) before extraction.

Table 2. Determination of zoalene in feeds, using colorimetric 
and LC methods

Feed LC Colorimetric Rei. diti., %

A 0.0137 0.0140 2.1
B 0.0078 0.0085 8.2
C 0.0080 0.0081 1.2
D 0.0055 0.0053 3.8
E 0.0050 0.0052 3.8
F 0.0082 0.0086 4.6
G 0.0137 0.0140 2.1

feed sample into 250 mL Erlenmeyer flask and add 65 mL 
acetonitrile-water (85 + 15). Warm sample on steam bath to 
50 ± 5°C with occasional swirling and then let cool to room 
temperature. Add 20 g alumina and swirl ca 3 min. Filter with 
suction on medium porosity 40 mm diameter fritted glass 
funnel, transferring as many solids as possible. Break suction 
and wash remaining solids into funnel with minimum amount 
of acetonitrile-water (85 + 15). Filter with suction until dry. 
Break suction again and suspend solids in funnel with mini
mum volume of acetonitrile-water (85 + 15). Filter with 
suction until dry, break suction, and repeat wash, keeping 
total volume less than 100 mF. Quantitatively transfer com
bined filtrates to 100 mL flask and dilute to volume with

acetonitrile-water (85 + 15). To prepare working standard, 
accurately add 10 mL standard stock solution (0.004% or 40 
p,g zoalene/mL) to 45 mL acetonitrile-water (85 + 15) in 250 
mL Erlenmeyer flask. Heat, add alumina, and wash with 
acetonitrile-water (85 + 15) as directed for feed samples; 
this results in 100 mL final dilution volume (0.0004% or 4.0 
p,g zoalene/mL).

D e te r m in a t io n
Filter samples and standards through 0.45 |xm filters (Mil- 

lipore Corp.) before injection. Use 10 ptL injections, and 
dilute samples containing 0 .0 1 % zoalene with equal volumes 
of acetonitrile-water (85 + 15). Inject standard, inject sam
ple, and repeat injection of standard. Measure peak height of 
standard (P H ' )  and sample ( P H )  and determine zoalene with 
the formula:

Zoalene, % = (P H ' I P H ) x 0.004

Results and Discussion
To determine that no zoalene was lost during extraction 

and purification, the standard was injected before and after 
preparation. The average recovery for 7 analyses was 99.28% 
(range 95.7-102.47%). Figure 1 (B) shows a chromatogram 
which illustrates the recovery of a zoalene standard from the 
extraction procedure. Recovery was also high for feed sam
ples (Figure 2 and Table 1). Six medicated feeds were extracted 
and analyzed by this LC method. These samples were then 
spiked with either 0.002 or 0.004% zoalene and again extracted 
and chromatographed. The recoveries ranged from 93 to 99% 
of the added drug with an average recovery of 96.19%, and 
demonstrate the linearity of results obtained by this proce
dure and its applicability to a variety of feed matrices.

Table 2 compares the AO AC colorimetric determination of 
zoalene and the LC method. Seven feeds were analyzed by 
both the colorimetric method and the LC method. Results 
from the 2 methods yielded a mean relative difference of 
3.7%, suggesting good correlation.

The LC method described for the analysis of zoalene is 
straightforward, reliable, and accurate with good linearity of 
results over a wide variety of feeds and satisfactory correla
tion to the colorimetric method.

R e f e r e n c e s

(1) M e rc k  C h e m ic a l D iv is io n , T e c h n ic a l B u lle tin : Amprol, An Effec
tive New Coccidiostat fo r  Broilers, (3 2 -3 3 ), M e rck  &  C o . , In c . ,  
R a h w a y , N J

(2) Feed Additive Compendium  (1979)
(3) Official Methods o f  Analysis (1980) 13th E d . .  A O A C . A rlin g to n , 
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An AOAC modified method is described for the microbiological assay 
of neomycin, which has been adapted to include complete feeds, sup
plements, premixes, liquids, oil suspensions, boluses, and antibiotic- 
impregnated paper. The method features a more sensitive standard 
response line with a monolayer plating system. The use of a buffered 
plating medium in place of the w ater-prepared medium results in a 
curve with less degree of slope, which allows for more accurate inter
pretation of the standard response. The feed extract diluent used for 
standard response line dilution, which is prepared from exposure of 
the feed extract fluid to pH changes, heat, and sodium hypochlorite, 
has been eliminated. The constant salt concentration diluent used for 
the preparation of standards is the same as the salt concentration of 
the sample extract solution to be tested. Results for 50 commercial 
complete feeds and 50 commercial premixes received over the last 5 
years produced an overall mean recovery of 101 % with a mean percent 
recovery range of 80-112% . A statistical analysis of these 100 com
mercial, complete feeds and premixes, ranging in concentration from 
47 g/ton to 70 g/lb, indicates the assay has little, if any, concentration- 
related bias. Precision and accuracy of the method was supported by 
laboratory studies of 20 assays that produced a mean recovery of 101 % 
and standard deviation of 3.

The past decade has seen the introduction of many new 
product forms containing neomycin as a therapeutic agent 
for several animal species. Examples of these other than the 
previously marketed feeds are liquids, boluses, soluble pow
ders, oil suspensions, and antibiotic-impregnated paper used 
in suspended caging for laboratory animal maintenance. The 
top layer of the paper is impregnated with neomycin to retard 
growth of ammonia-producing bacteria and thereby reduce 
unpleasant odors (1).

Modifications of the AOAC method (2) were required to 
obtain flexibility for such a diversity of products. It was 
necessary to eliminate the use of a feed extract diluent pre
pared from exposure of a feed extract fluid to acid, sodium 
hypochlorite (NaOCl), and heat. A constant salt concentra
tion diluent applicable to the sample extract and as standard 
diluent for all the product forms has been substituted. In 
addition, a buffered plating medium produces a less steep, 
more sensitive response; this allows smaller sample size with 
greater dilution and, therefore, less interfering material from 
sample extracts. A monolayer plating system contributes to 
greater sensitivity, less variable zones of inhibition, and more 
expedient conduct of the assay. Comparison testing with the 
AOAC method to obtain sensitivity less than the 0.5 pg/mL 
lower level of the standard response only produced distorted, 
nonlinear zones of inhibition.

METHOD
A p p a r a t u s

See 42.198(a), (b), (c) (2), plus the following:
(a) S h a k e r ,  m e c h a n i c a l .— NBS gyrotory or equivalent.
(b) T is s u e  g r i n d e r .—10 mL, 10-12 mm.
(c) S t i r r e r .—Variable speed, Fisher Scientific, Hamilton 

Beach or equivalent.

Received June 9, 1983. A ccepted M arch 19, 1984.

R e a g e n t s
See 42.197(n;, (o) (2), and 42.193(p) (3).

S t a n d a r d  S o l u t i o n s
See 42.256(a) (2).

S t a n d a r d  r e s p o n s e  l in e .—Dilute aliquots of stock solution 
(a) with diluent prepared by diluting extractant, 42.193(p) (3) 
(1 part) with 0.05M tris buffer (11.5 parts), to obtain 0.2, 0.4, 
0.8, 1.6, and 3.2 p,g neomycin base/mL. Reference concen
tration is 0.8 |xg/mL.
M o n o l a y e r  P la t e

For assay, add appropriate amount of organism (usually 
0.5%) as in 42.257(b) (2) from cell suspension, 42.199(f) (2) 
to agar medium No. 11, Bacto neomycin assay agar previ
ously prepared, autoclaved, and cooled to 48°C. Distribute 
agar to plates in 8-9 mL monolayer. Incubate 16-18 h at 35- 
37°C.
A s s a y  S o l u t i o n s

(a) S a m p l e  p r e p a r a t i o n  f o r  c o m p l e t e  f e e d s  ( 7 0 - 1 4 0  g / to n  
o f  n e o m y c in  b a s e ) .—Accurately weigh 7-14 g sample into 
250 mL centrifuge bottle, add 100 mL 20% NaCl and 0.294% 
CaCl2 in water (extractant) and shake 20 min on mechanical 
shaker. Centrifuge 3-5 min at ca 2500 rpm. Transfer 2 mL 
portion of supernate to 25 mL volumetric flask and dilute to 
volume with 0.05M tris buffer pH 8 . (For example, a 7 g 
sample of 140 g/ton feed produces theoretical test concentra
tion of 0.86 p.g/mL of neomycin base and, likewise, a 14 g 
sample of a 70 g/ton feed.)

(b) S a m p le  p r e p a r a t i o n  f o r  h ig h  l e v e l  f e e d s ,  p r e m ix e s ,  a n d  
s o l u b l e  p o w d e r s  (> 7 0 0  g / to n  o f  n e o m y c in  b a s e ) .—Accu
rately weigh 1-4 g sample into 250 mL centrifuge bottle, add 
100 mL extractant, and shake 20 min on mechanical shaker. 
Transfer 2 mL aliquot of supernate to 25 mL volumetric flask 
and dilute to volume with 0.05M tris buffer pH 8 . Dilute 1.0 
mL aliquot in extract solution (1 part) with tris (11.5 parts) 
diluent to ca 0.8 jxg neomycin base/mL.

(c) S a m p le  p r e p a r a t i o n  f o r  b o lu s e s .—Pulverize sample with 
mortar and pestle; proceed as in (b).

(d) S a m p le  p r e p a r a t i o n  f o r  f l u i d  p r o d u c t s .—Accurately 
weigh sample into tared centrifuge bottle and add extractant 
adjusted for sample size used to obtain a final extract volume 
of 100 mL. Proceed as in (b).

(e) S a m p le  p r e p a r a t i o n  f o r  n e o m y c in - im p r e g n a t e d  p a p e r  
(> 2 0  p p m ) .—Accurately weigh 1-2 g previously cut and 
prepared sample. Transfer to 10 mL glass tissue grinder and 
add 3 mL extractant. Let sample soak 0.5 h. Grind sample to 
suspended pulp by rotating and manipulating tissue grinder 
plunger at medium speed for 2 min. Let sample settle 15 min. 
Dilute 1 mL aliquot with 11.5 mL tris buffer pH 8 (e.g., a 1 g 
sample of a 2 0  ppm preparation would have a theoretical 
concentration of 0.53 pg/mL of neomycin base/mL).

Experimental

(A) A typical commercial complete feed (S-810) for growing 
pigs was fortified with a 70 g/lb premix to a level of 70 g/ton.
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Table 1. Effect of salt concentration on neomycin recovery

Diluent Mean
Sample salt, % Recovery, % recovery, % SD

1a 1.6 99
1b 1.6 99
1c 1.6 100
1d 1.6 100 99.4“ 0.0033

2a 1.66 101
2b 1.66 99
2c 1.66 98
2d 1.66 101 99.8 0.0175

“Probability of chance difference between 99.4 and 99.8 is 0.70, based 
on a 2-tail f-test.

The mixture was tumbled for 2 h to ensure a homogeneous 
mixture and then ground through a Wiley mill to pass a 1 mm 
screen.

(B) A study of a similar swine feed (S-581) was done with 
neomycin in tris buffer added directly to the sample at a 
fortified level of 70 g/ton.

(C) A comparative study of a cattle feed (B-291) and a 
swine feed (S-810) was done to illustrate the influence of 2- 
fold sample size differences on percent recovery.

I n g r e d i e n t________________________________ P e r c e n t
S-810 (Swine)

Ground corn 78.00
Soybean meal 19.0
Dyna K 0 .1

Swine pre-mix 5S 0.25
Dicalcium phosphate 1.5
Calcium 0.75
Salt 0.4

1 0 0 .0

S-581 (Swine)
Ground corn 77.35
Soybean meal 19.0
Salt 0.5
Defluorinate phosphate 1.9
Fat, solubilized 1.0

Vitamins and minerals 0 .2

Selenium 0.05
1 0 0 .0

B-291 (Cattle)
Shelled corn, coarse grind 89.03
Soybean oil meal, 49% 9.0
Limestone, ground 0.7
Salt 0 .8

Vitamins and minerals 0.37
Sodium selenite 0 .1

1 0 0 .0

R esu lts  a n d  D iscussion
Ten assays of the feed S-810 (A) produced a recovery range 

of 97-106% with a mean of 101% and SD of 3.3. The study 
of a similar swine feed S-581 (B) spiked at 70 g/ton, assayed 
on a single day using the same sample size for 10 assays, 
produced a mean recovery of 101% with a range of 98-104%. 
An SD of 2.7 also supports the precision and accuracy of the 
results. Effect of sample size was tested in both studies by 
using a 2 0  g sample, which is twice the size necessary and 
puts the theoretical results at the upper midpoint of the stan-

% R E C O V E R Y

Figure 1. Histogram of % recovery of 50 complete feed samples (solid) 
and 50 premix samples (lined).

dard response line rather than at the center. This takes into 
consideration the impact of introducing more salt from the 
feed itself and its influence on results. In addition, the com
parative study (C) of a cattle feed (B-291) and a swine feed 
(S-810) showed that normal differences in salt concentration 
within the feed sample itself apparently did not influence 
overall results. Results of 4 cattle feeds at 0.8% salt averaged 
98% when a 20 g sample was used; when a 10 g sample was 
used for the same feed, results of 4 assays were 100%. Results 
of 4 swine feeds at 0.4% salt averaged 97% when a 10 g sample 
was assayed, and 99% when a 20 g sample was assayed for 4 
feeds. These 16 assays had an overall mean of 98.8% and CV 
of 1.6. The antibiotic response of neomycin is increased in 
the presence of sodium chloride (NaCl) (4). This phenomenon 
can be readily demonstrated by keeping the antibiotic con
stant and varying the salt concentrations in the testing diluent. 
A buffer curve without salt will produce a much less sensitive 
response; therefore, it is imperative to equalize the salt con
centration of both sample and standards when conducting the 
test. The amount of salt used in complete swine and cattle 
feeds ranges from 0.4 to 2.0% NaCl, and in a 20 g feed sample 
would alter the expected final salt concentration by a possible 
factorial range of 1.606-1.632 at the highest 2% level that 
might occur. To demonstrate salt concentration effects, a 
level markedly above the 1.632% level was tested. Four 14 g 
samples of a 70 g/ton feed were assayed at the normal 1.6% 
level vs four 14 g samples of the same feed extracted and 
diluted to levels of 1.66% (=  4% salt in a feed). All results 
were read on the normal 1.6% standard response line. The 
means were 99.4% and 98.8% for 1.6% and 1.66% salt, 
respectively. Probability of this small difference being due to 
chance was 0.70. Results of this study show that feeds con
taining up to 4% salt can be assayed with chance as probably 
the only factor influencing their difference (Table 1).

Results of 50 commercial complete feeds and 50 commer
cial premixes assayed when they were received over the last 
5 years showed a mean percent recovery range of 80-112%, 
with an overall mean recovery of 101%. Figure 1 shows the 
distribution of percent recoveries for the 100 individual sam
ples of complete feed and premixes. A weighted regression 
analysis, in Table 2, of amount food vs label amount showed
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Table 2. Summary of 100 complete feeds and premixes received over 5-year period

Feed Label Mean recovery, % No. of samples Correlation (r)‘ SD

Complete 47.0 89 1
feeds 52.5 105 1
(g/ton) 70.0 94 17

105.0 104 4
136.0 85 2
140.0 99 23
175.0 82 1
280.0 112 1 0.99 (0.114)

Premixes 0.227 111 3
(g/lb) 0.245 98 2

0.875 97 1
0.980 107 1
1.4 106 1
2.1 95 1
3.5 80 1
4.0 104 1
5.25 84 2

14.0 107 20
20.0 106 5
35.0 104 1
70.0 107 7

227.0 106 4 1.00 (0.081)

Correlation between mean amount found and amount on label.

m m

Figure 2. Comparison of slopes: AOAC standard response (□) and mod
ified standard response (•).

regression coefficients well within the sampling limits of 1 , 
which indicates the assay has little, if any, bias related to 
amount of neomycin in the feed. The correlations were cal
culated as the square root of the /--squares from the regression 
analysis. Samples received within the 5-year period of known 
problematic history unrelated to the assay were not included.

Slope comparisons of the AOAC standard response line 
and the standard response line from tris-buffered plating 
medium are shown in Figure 2. Use of pH 8 tris buffer for 
the plating medium, first reported by Williams and Wornick
(5), is thought to resist in situ pH changes which may occur 
as a result of the organism, e.g., S t a p h y lo c o c c u s  e p id e r m id i s ,  
fermenting glucose. This then would enhance the activity of

neomycin, which is greater in the basic ranges, and may 
partially explain the 2.5 x greater sensitivity and less degree 
of slope obtained with the modified method. The increased 
sensitivity attained also allows for smaller assay samples, 
thereby reducing the amount of interfering material by 
increasing the sample extract dilution.

Extracting directly in centrifuge bottles on a gyratory shaker 
rather than a wrist-action shaker eliminates a transfer step in 
the modified method. It was also empirically observed that 
more distortion and variation was present in the zones of 
inhibition from the 4 mL seed layer used in the AOAC method 
than in those from the monolayer modified system.

Summary

A 1.6% salt concentration diluent used for standard response 
solutions, prepared as specified, closely compares to that 
which will be present in the sample extraction fluid under 
test. Excess salt in complete feed formulations and larger 
sample sizes have been tested and the modified method has 
been shown to be statistically satisfactory. In addition, his
torical statistical data of commercial samples tested support 
the predictability of the experimental results presented. 
Technical modifications of the microbiological testing, while 
simplifying handling and decreasing expense of material 
involved, also increase sensitivity and versatility of the sys
tem. This modified method allows for testing a wide variety 
of product forms on the same standard response line, thereby 
promoting the capability and time-saving potential of the 
testing laboratory.

R e f e r e n c e s
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Product Communication, Agriculture Division, The Upjohn Co., 
Kalamazoo, MI

(2) Official Methods o f  Analysis (1980) 13th Ed., AOAC, Arlington, 
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(3) Official Methods o f  Analysis (1975) 12th Ed., AOAC, Arlington, 
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Microbiology, Williams and Wilkins Co., Baltimore, MD, Chap
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EXTRANEOUS MATERIALS
M o d if ie d  F lo t a t io n  T e c h n iq u e  f o r  Q u a n t i t a t iv e  D e t e r m in a t io n  o f  M it e  P o p u la t io n s  in  F e e d s t u f f s

BHARAT B. THIND and DAVID J. WALLACE'
M i n i s t r y  o f  A g r i c u l t u r e ,  F is h e r i e s ,  a n d  F o o d ,  S lo u g h  L a b o r a to r y ' ,  L o n d o n  R d ,  S lo u g h ,  B e r k s ,  S L 3  7 H J  U K

Modifications are described to a previously published technique for 
quantitative determination of mite populations in animal feedingstuffs. 
In the modified method, the oil phase is kerosene instead of a mixture 
of kerosene and tetralin (1 4- 1), and aqueous industrial methylated 
spirit is substituted for aqueous ethanol in the aqueous phase. Emulsion 
formation at the interface is considerably reduced by incorporating a 
pre-extraction stage. Examination of mites on the filter paper is made 
easier and quicker by staining them with Phloxin B. Trials carried out 
with known numbers of mites in samples of dairy feed concentrates 
indicate mean recoveries of 84-96% throughout the range tested. The 
results show that the accuracy of the technique is not affected by the 
level of infestation.

In a previous paper, a technique was described for the quan
titative determination of mites in feedingstuffs (1). The method 
included the use of a specially designed flotation flask and a 
solvent mixture of kerosene and tetralin (1,2,3,4-tetrahy- 
dronaphthalene, C i0H,2) (1 + 1) to form an interface with 
25% aqueous ethanol. Mites and insects were separated from 
the plant material by an overflow method. Although this 
technique was satisfactorily applied to a range of animal 
feedingstuffs, studies carried out in this laboratory and else
where indicated a number of limitations. These included the 
formation of an emulsion at the interface, which affected the 
repeatability of analyses. The use of kerosene and tetralin 
mixture as an oil phase was unsatisfactory because of its 
unpleasant odor. There was also a need to reduce costs and 
the time taken per extraction. This paper reports the effect 
of some procedural and apparatus modifications carried out 
to improve the original method.

METHOD

A p p a r a t u s
The extraction apparatus consists of a modified flotation 

flask made entirely of glass to the specifications given (Fig
ures 1 and 2) (Jencons (Scientific) Ltd, Stanbridge Rd, Leigh
ton Buzzard, Bedfordshire, UK), with its bottom sealed instead 
of housing rubber bung and stopcock. The flask can now be 
dismantled from the apparatus for emptying and washing. 
Valve A (Figure 2) positioned over the neck of the flask 
consists of a porous plastic disk (maximum pore size 90 |j.m), 
held in position by a plug of lead shot cemented together with 
resin-glue and then attached to the underside of the porous 
disk. The valve prevents the sample particles from settling in 
the neck of the flask and also ensures the oil is broken into 
small droplets before entering the flotation flask. The wire 
loop previously attached to the upper surface of valve A is 
no longer required. The apparatus also incorporates a modi
fied paddle made from a rigid, right-angled plastic strip wedged 
into a slit made at the base of the shaft of the stirrer. The 
shape and dimensions of the paddle (inset Figure 2) are critical 
for optimum efficiency. The perforated PVC ring used in the 
previous method ( 1) has been simplified to a single 3 mm bore

'Present address: Departm ent o f Pure and Applied Biology. Imperial Col
lege, Prince Consort Rd, London. U K .
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outlet E, positioned to aim a jet of oil at the junction of the 
shaft and paddle assembly. The outlet E is linked to reservoir 
D via 2-way stopcock F. A 3 piece Hartley funnel (9.5 cm id) 
is positioned below the gutter outlet of the flotation flask by 
a rubber bung in a 1 L filtration flask, which is attached to a 
vacuum source via a 500 mL filtration flask functioning as an 
oil trap.
R e a g e n t s

The oil phase consists of deodorized kerosene (s.g. = 
0.786), and replaces the mixture of kerosene and tetralin (1 
+ 1). A 12.5% solution of industrial methylated spirits (IMS) 
in demineralized water (s.g. = 0.98) replaces 25% aqueous 
ethanol as an aqueous phase. The Phloxin B dye facilitates 
the detection and counting of mites on filter paper.
P r e - E x t r a c t i o n

Add 100 mL boiling demineralized water to pre-weighed 
amount of sample in 250 mL beaker. Add 30 mL methylene 
blue solution (0.3 g in 1 L IMS) and stir contents thoroughly 
to ensure adequate mixing. Wash down sides of beaker with 
12.5% IMS. Place beaker in vacuum desiccator and reduce 
pressure for 20-30 s to remove any trapped or dissolved air 
from sample. Remove beaker from desiccator and place in 
water bath maintained at 70°C. Immediately add 3 mL freshly 
prepared Phloxin B solution (5 g in 500 mL 12.5% IMS) and 
3 mL saturated solution of sodium chloride. Stir contents of 
beaker and wash down sides with 12.5% IMS. Set up appa
ratus as shown in Figure 2 with stirrer raised above flotation 
flask. Wet entire inside of flask with 12.5% IMS, using wash 
bottle, until 12.5% IMS fills neck of flask. Place valve A in 
neck of flask. After beaker containing sample has set in water 
bath 7 min, remove beaker and pour contents into flask. 
Thoroughly rinse beaker with 12.5% IMS to remove any 
particles adhering to sides and add rinse to flotation flask.

Figure 1. Diagram of flotation flask, showing dimensions in mm.
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Figure 2. Diagram of flotation extraction apparatus: A, valve A; C, oil inlet; D, oil outlet; E, outlet; F, 3-way stopcock. Dimensions of paddle (inset) are
in cm.

E x t r a c t i o n
Add ca 200 mL crushed ice to flotation flask and raise level 

of aqueous phase by adding 12.5% IMS from wash bottle until 
surface of aqueous phase is 1 cm below rim of flask. Lower 
paddle to ca 1 cm above valve A. Start geared motor (ca 100 
rpm) and stir 3 min, or until ice has melted completely. Stop 
stirrer and apply suction to Hartley funnel. Run in kerosene 
slowly from reservoir D (filled to 600 mL) via inlet C until oil 
begins to overflow into gutter of flask and into Hartley funnel 
positioned below gutter outlet. Restart stirrer at its minimum 
speed (40-50 rpm) and increase revolutions gradually until 
all sample particles are just in motion. When 300 mL kerosene 
has flowed into flask, stop both flow of kerosene and stirrer. 
Raise stirrer until horizontal edge of paddle is 2-3 mm below 
lip of flask. Wash shaft of stirrer with 12.5% IMS until inter
face is just in contact with under-surface of paddle. Restart 
stirrer at its lowest revolution (40-50 rpm) and simulta
neously add kerosene from outlet E, directing jet from 3 mm 
bore nozzle at junction between shaft and paddle blade. After 
remaining 300 mL kerosene has been used, dislodge any 
adhering mites from inside wall of flotation flask by means of 
fine jet of kerosene delivered from wash bottle. Stop paddle 
and add 12.5% IMS slowly to flotation flask from wash bottle 
until most of oil phase in flask passes over into Hartley funnel. 
Care should be taken to keep interface below lip of flask. 
Wash down gutter thoroughly with kerosene followed by 
12.5% IMS. Stop suction.

Add 20 mL methylene blue solution (0.2 g in 1 L 12.5% 
IMS) to Hartley funnel; this stains filter paper deep blue. 
Thoroughly wash down sides of Hartley funnel and surface 
of filter paper with oil. Swirl Hartley funnel; this spreads 
mites across whole filter paper and facilitates examination

and counting of mites. Restart suction and continue until filter 
paper is partially dried. Remove ring of Hartley funnel and 
carefully transfer filter paper to Petri dish. Examine filter 
paper and rim of ring under binocular microscope at magni
fication ranging between 20 and 50 x . It is best to examine 
the filter paper immediately; however, it is possible to store 
filter paper (up to 1 week) for future examination by damping 
it with mixture of 12.5% IMS and glycerine (1 + 1).

Results and Discussion

The following procedure for preparing feed samples infested 
with known numbers of mites (A c a r u s  s i r o  L.) was used to 
test the performance of the improved method. Ten g portions 
of commercial concentrate dairy nuts, free from mites, were 
infested with 5, 10, 20, 50, 100, or 200 mites. The infested 
samples were sealed in a 5 x 2.5 cm glass tube and left on 
the bench for 24 h before extraction. Ten replicates for each 
level of infestation were examined.

The mean percentage recovery of mites from the 10 g 
samples of concentrate dairy nuts (Table 1) averaged between 
84 and 96%. A regression analysis of data was done (Figure
3) using a method (2) for data where there is more than one 
value of Y  for each value of A. To ensure that the data could 
be fitted to a straight line, the percentage values were trans
formed using the angular transformation. Calculating the var
iance ratio (F ) of the mean square for the regression over the 
mean square for the deviation from the regression gives F iA 
= 0.1699, which is not significant at the 5% level. Therefore, 
the slope of the regression line does not differ significantly 
from zero and :he number of mites present has no significant 
effect on the percentage recovery of mites within the range 
tested. The results obtained from this study differ from the
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Table 1. Recovery of mites (A. siro L.) from 10 g sample of concentrate dairy nuts seeded with known number of mites

Number of mites Recoveries
added to each Mean Mean

replicate 1 2 3 4 5 6 7 8 9 10 recovery recovery, %

5 3 4 5 4 5 4 5 4 4 4 4.2 84
10 9 10 9 10 9 10 10 10 10 9 9.6 96
20 18 20 19 17 16 17 20 29 19 17 18.5 92.5
50 50 41 37 45 50 45 45 40 39 44 43.5 86.8

100 100 91 82 90 98 90 83 83 96 99 90.3 90.3
200 196 181 188 194 148 194 169 199 160 200 179.7 89.8

TRUE NUMBER OF MITES

Figure 3. Regression line of percentage of mites (A. siro L.) recovered 
from 10 g dairy nuts at different levels of infestation. Percentage values 

were transformed using angular transformation.

conclusion reached by Thind and Griffiths (1), that the effi
ciency of the technique increases with the increase in infes
tation level. It is possible, however, that the slope of regres
sion line obtained by them is distorted by the small number 
of replicates at the highest level of infestation. It may also be 
due to either the nature of the solvents employed or the types 
of material used as samples.

With the original method, certain types of animal feed 
samples including those used in this study consistently pro
duced emulsions at the interface, which subsequently resulted 
in deposition of vegetative debris onto the ruled filter paper 
and made analysis difficult and time consuming. In this mod
ified method, treating the sample with sodium chloride solu

tion during the pre-extraction stage, followed by cooling the 
sample by adding crushed ice, has eliminated emulsion for
mation. Flushing mites from the interface into the oil layer, 
by introducing oil through a single 3 mm bore outlet E with 
simultaneous slow agitation of oil layer above the interface 
with the modified paddle, was more effective than was the 
perforated PVC ring used in the previous method. An impor
tant attribute of the modified method is that a substantially 
clean and readable filter paper is obtained; thus, only one 
filter paper per sample is required for accurate assessment of 
infestation level.

By incorporating staining of mites with Phloxin B in this 
method, the time taken for examination and counting of mites 
on the filter paper is further reduced as the mites stain cherry 
red and stand out against the blue background of the filter 
paper. The Phloxin B dye does not interfere with the specific 
identification of mites subsequently mounted on slides. In 
our experience, the time taken for counting varied between 
4 and 10 min with mite infestation ranging between 500 and 
20 000/kg. The use of alternative solvents in this method has 
not only helped in reducing the running costs but has also 
eliminated the unpleasant odor associated with the tetralin 
and kerosene mixture used in the original method. Although 
deodorized kerosene is now used as an oil phase, it is also 
possible to use domestic paraffin (s.g. = 0.775-0.795) without 
any detrimental effect on the efficiency of the technique.

The modified method provides a reliable and rapid tech
nique for estimating mite populations in a wide variety of 
materials, including those listed in the original method (1). It 
is also recommended that a 10 g sample weight be used for 
compacted feedingstuffs. The improved methodology reduces 
the time taken to carry out 4 extractions simultaneously (using 
a battery of 4 flotation flasks) from 1 h to 35 min.

R e f e r e n c e s
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The official AOAC m anual Kjeldahl method for determining crude 
protein in animal feeds, 7.015, uses HgO as a catalyst in the digestion 
step. Because of environmental considerations, there is considerable 
interest in alternative catalysts. A collaborative study compares the 
official HgO-catalyzed method and an alternative using C uS 04. Fifty- 
four samples consisting of blind duplicates of closely matched pairs, 
representing a range of animal feed materials and 2 standard materials, 
were analyzed once by each method. Results were returned by 22 
laboratories. Means and standard deviations between methods were 
comparable. The C uS 04-catalyzed method has been adopted official 
first action.

The official manual Kjeldahl method for determining crude 
protein in animal feeds, 7.015 (1), uses HgO as a catalyst in 
the digestion procedure. In practice, however, various lab
oratories have substituted other catalysts or mixtures of cat
alysts; CuS04 is probably the most popular alternative. Not 
only do laboratories vary in the catalyst used, but apparently 
also vary significantly in the digestion parameters of time, 
heat input, and salt-acid ratio.

The issue of copper vs mercury as a catalyst was addressed 
by the Associate Referee in 1954 (2) and by a joint AOAC- 
American Oil Chemists’ Society Committee in 1955 (3). In 
both studies, the comparison was made by using the estab
lished mercury catalyst procedure and keeping all digestion 
parameters constant while changing only the 2 catalysts.

The 1954 study reported equivalent results by both cata
lysts on all samples except nicotinamide, for which the copper 
catalyst produced significantly lower results. The recommen
dation was to allow either catalyst except when refractory 
nitrogen compounds were suspected to be present.

The 1955 study reported small but significant differences 
between the means of copper and mercury results, and larger 
standard deviations for the copper version of the method. 
The recommendation was to discontinue the use of CuS04 as 
an alternative catalyst in the official methodology.

The issue is still unresolved however, because a significant 
number of laboratories continue to express confidence in the 
copper catalyst version. The issue has become particularly 
acute in recent years because of the environmental concerns 
associated with mercury.

In 1976, Rexroad and Cathey (4) reported on efforts to 
optimize the digestion parameters specifically for the CuS04 

catalyst. That method is the basis for this collaborative study.
Fifty-four samples were used in the collaborative study. 

They consisted of 26 blind duplicates arranged as 13 closely
Published as Journal Paper No. 9582 o f the Purdue U niversity Agricultural 
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matched pairs, plus 2 standard materials. The sample mate
rials were to be analyzed once each by the official method,
7.015 (1), and by the 1976 CuS04 version as presented below. 
Collaborators were also asked to perform boil tests on their 
digestion heaters and report the results of those tests.

Protein (Crude) in Animal Feed 
Copper Catalyst Kjeldahl Method 

First Action
(C a u t i o n : S e e  51.030, 51.037.)

P r in c ip le
Sample is digested in H2S 04, using CuS04 as catalyst, 

converting N to NH3 which is distd and titrd.
R e a g e n ts

(a) S o d iu m  h y d r o x id e .—Pellets, flakes, or soln with sp. gr 
>1.36, low N. Dissolve ca 450 g NaOH in H20  cool, dil. to 
1 L.

(b) A l u n d u m .—Boiling stones, 8-14 mesh (Arthur H. 
Thomas Co., No. 1590-D18).

Table 1. Collaborative samples for Kjeldahl digestion comparison

Closely 
matched 
pair No.

Samóle No. 
of blind 

duplicate
Approx. 

% protein Material

1 1,28 18 dehydrated alfalfa meal
11,29 17 dehydrated alfalfa meal

2 2,23 88 soy protein concentrate
7,37 89 soy protein concentrate

3 3,39 17 pullet grower
15,27 15 layer

4 4,26 55 meat and bone meal
17,43 54 meat and bone meal

5 5,54 11 custom mix cattle feed
25,51 10 beef feed

6 5,44 30 swine base mix
13,33 29 swine base mix

7 9,46 27 dry dog food
14,36 29 dry puppy food

8 9,38 86 hydrolyzed poultry feathers
13,42 89 hydrolyzed poultry feathers

9 16,45 41 cottonseed meal
19,41 41 cottonseed meal

10 18,30 84 blood meal
34,40 82 blood meal

11 12,35 16 swine developer
21,49 17.5 swine grower

12 22,50 18 milk replacer
31,52 17 milk replacer

13 24,53 44 soybean meal
32,48 44 soybean meal

20 78 NBS SRM NH4H2P04
47 92 Eastman lysine.HCI, 

Lot A5X
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Table 2. C o llaborative  R esults

C ollaborator #1 #2 #3 U
Sample # CuS04 HgO CuS04 HgO CuS04 HgO CuS0A HgO

ResuTt__R esult___R esult__Result___R esult__R esult___R esult R esu lt
1 18.00 18.90 18.77 18.85 17.56 18.12 18.85 19.23
2 88.37 88.18 87.56 87.35 87.50 88.75 88.74 89.18
3 15.74 15.68 15.72 15.65 15.75 14.50 15.91 15.98
4 54.16 54.22 54.20 53.84 51.25 51.50 54.95 54.30
5 13.68 13.23 13.32 13.54 13.18 13.06 13.55 13.55
6 29.86 30.13 29.76 29.65 30.00 25.87 29.67 30.52
7 89.76 90.36 88.21 86.95 89.50 87.25 90.05 90.63
8 22.63* 27.17 26.86 26.90 26.50 26.87 26.89 27.37
9 86.55 87.16 85.59 84.78 88.00 88.25 87.01 87.37

10 29.21 29.55 29.42 29.28 29.06 27.75 29.74 28.44
11 17.01 17.06 16.93 16.75 16.75 16.56 17.02 17.02
12 16.92 17.16 16.79 16.68 16.81 16.81 17.08 17.22
13 90.78 89.86 89.92 89.41 88.75 81.50 91.68 91.64
14 28.31 28.09 28.28 28.00 28.00 26.37 28.40 28.62
15 16.62 16.44 16.37 16.25 16.25 15.37 16.48 16.19
16 39.02 39.50 39.26 39.05 39.37 38.87 40.05 39.95
17 54.14 53.80 53.69 53.19 52.50 51.50 54.55 54.56
18 85.83 85.73 84.25 83.88 84.75 88.00 84.79 84.73
19 40.35 40.39 41.18 39.90 40.37 41.12 40.27 41.08
20 76.00 75.48 75.18 75.29 80.50 72.25 77.10* 74.72
21 17.74 18.06 17.92 17.60 17.87 20.12 18.03 18.18
22 22.08* 17.62 17.74 17.48 18.00 15.75 17.93 17.95
23 88.52 88.32 86.29 87.46 89.50 85.50 88.68 88.86
24 44.41 44.21 44.27 45.00 41.37 41.87 44.45 44.67
25 10.22 10.02 10.12 10.11 10.05 9.93 10.25 10.40
26 54.81 54.19 53.41 53.79 51.75 51.00 54.94 50.24*
27 16.46 16.06 16.06 16.75 16.12 15.18 16.46 16.33
28 18.63 18.70 18.73 19.04 19.37 18.37 18.85 18.92
29 17.17 17.05 16.74 16.73 15.93 15.31 16.91 17.01
30 85.97 85.51 83.83 85.57 81.50 81.00 85.94 85.88
31 19.91* 17.71 17.60 17.89 17.25 16.12 18.04 18.15
32 44.89 45.37 43.22 44.61 45.12 44.25 44.90 45.22
33 29.20 29.77 29.42 29.48 29.37 28.00 29.32 29.51
34 81.01 81.41 81.00 80.12 80.25 83.00 81.37 81.41
35 17.32 17.07 17.25 17.06 15.56 15.50 17.16 17.21
36 28.09 28.31 28.06 28.14 28.12 27.18 28.29 28.54
37 89.99 89.80 89.84 89.31 88.00 86.50 89.55 90.27
38 86.43 86.31 86.03 85.10 86.56 81.50 85.96 85.55
39 15.42 15.66 15.69 15.77 15.62 14.87 15.89 15.52
40 81 .15 81 .41 80.72 79.46 78.25 75.75 80.83 81.81
41 40.48 40.20 41.04 39.93 39.25 37.62 40.28 40.54
42 90.70 90.03 90.59 90.27 86.50 89.00 91.44 91 .62
43 53.84 54.24 53.84 53.98 55.00 52.75 54.05 54.60
44 29.98 24.44* 29.95 29.89 29.43 30.00 29.87 29.98
45 39.95 40.21 39.26 39.25 39.87 40.00 39.50 40.25
46 27.36 27.06 26.88 27.15 26.93 25.06 27.18 27.26
47 92.54 95.15 95.36 86.50 93.50 85.38* 96.85
48 45.02 44.89 45.13 43.98 44.37 41 .62 44.91 44.90
49 17.93 18.19 17.89 17.78 17.43 16.93 18.23 18.13
50 17.88 17.52 17.49 17.34 17.81 16.81 17.89 18.10
51 9.70 10.20 9.92 10.12 10.06 9.62 10.34 10.17
52 17.65 17.88 17.82 17.71 17.56 17.18 17.81 18.09
53 43.41 44.41 43.85 43.26 44.75 42.37 44.00 44.27
54 13.42 13.36 13.49 13.59 13.25 13.25 13.45 13.90

(c) M e t h y l  r e d  i n d i c a t o r .—Dissolve 1 g Me red (Na salt) 
in 100 mL MeOH.

(d) H y d r o c h lo r i c  o r  s u l f u r ic  a c i d  s t d  s o l n .—0.5N. Prep, as 
in 50.011-50.017 or 50.039-50.040.

(e) S o d iu m  h y d r o x id e  s t d  s o l n . —  0.1N. Prep, as in 50.032- 
50.035.

After stdzg both acid and base by methods suggested in (d) 
and (e), also check cne against the other. In addn, check 
entire method by analyzing NBS Std Ref. Material No. 194, 
NH4H2P 0 4, certified 12.15% N, and high purity lysine.HC1.

A p p a r a tu s
(a) D i g e s t i o n .—Use Kjeldahl flasks with capacity of 500- 

800 mL.
(b) D i s t i l l a t i o n — U s e  digestion flask (Corning No. 2020, 

for example) connected to distn trap by rubber stopper. Distn 
trap is connected to condenser with low-S tubing. Outlet of 
condenser tube should be <4 mm diam.

D e te r m in a t io n
Weigh 0.250-1.000 g sample into digestion flask. Add 15 g 

K ,S04, 0.04 g anhyd. CuS04, 0.5-1.0 g alundum granules,
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Co 11 abora+GC____ t l__________ #6 »1 #8
Sample # CuSO. HgO CuS04 HgO CuSO. HgO CuSO. HgORfiSUlt R esu lt__ R esult R esu lt R esu lt R esu lt__ R esult R esult

1 18.71 18.91 19.04 18.92 19.25 19.12 18.72 18.41
2 87.24 86.04 88.11 88.53 88.42 88.46 87.00 86.98
3 15.10 15.90 15.95 16.25 15.72 15.85 15.28 15.65
4 54.16 53.36 54.88 54.64 54.94 54.58 54.30 53.85
5 13.30 13.70 13.60 13.64 13.52 13.47 13.16 13.27
6 29.21 29.01 30.49 30.40 29.85 29.93 29.31 30.05
7 89.04 87.64 89.47 89.93 89.88 89.66 88.89 89.43
8 26.01 26.21 27.39 27.40 27.33 26.95 27.03 26.94
9 85.44 85.24 86.83 86.28 86.40 86.22 85.49 85.46

10 28.71 29.21 29.58 29.54 29.59 29.43 29.36 29.26
11 16.40 16.90 16.79 17.09 17.10 16.97 17.24 16.09
12 17.00 17.30 17.34 17.26 17.09 17.08 17.00 17.10
13 87.24 87.84 90.39 91.09 90.79 90.46 88.58 88.18
14 27.71 27.61 28.53 28.54 28.49 28.19 27.84 28.22
15 16.00 16.40 16.36 16.34 16.21 16.09 15.17 16.18
16 39.22 39.22 39.84 39.98 40.01 40.07 35.91 * 36.17*
17 54.16 53.60 54.19 54.13 54.16 53.66 53.36 53.20
18 83.04 82.64 85.16 85.73 85.39 85.48 85.01 84.88
19 38.32 39.82 41.42 40.70 39.82 40.13 39.14 39.16
20 74.83 74.63 75.57 76.06 75.76 75.74 75.39 74.78
21 17.71 17.50 18.16 18.57 17.83 17.86 17.53 17.70
22 17.71 17.50 18.08 17.83 17.84 17.81 17.73 17.73
23 87.04 87.24 89.34 88.40 88.33 88.15 87.48 86.65
24 43.02 43.82 44.41 44.17 44.25 44.65 43.72 44.48
25 10.10 9.90 10.31 10.30 10.34 10.14 10.11 9.91
26 52.82 53.71 54.69 54.47 54.66 54.72 54.06 53.61
27 15.90 15.60 16.36 16.54 16.34 16.34 15.49 15.92
28 18.71 18.91 19.02 19.02 18.89 18.85 18.62 18.62
29 16.70 16.70 16.91 16.97 16.85 16.84 17.93* 17.27
30 83.44 82.44 85.71 85.75 85.79 85.63 85.14 85.26
31 17.50 17.10 18.05 18.09 18.06 18.40 17.84 17.82
32 44.32 43.92 44.42 44.56 44.91 44.38 45.69 44.17
33 28.91 28.81 29.68 29.62 29.57 29.28 29.34 29.44
34 80.24 80.04 81.37 81.21 81.09 81.00 80.65 80.75
35 16.80 16.90 17.38 17.15 17.11 17.21 16.87 17.03
36 27.31 27.61 28.28 28.40 28.33 28.22 28.27 27.15
37 88.84 88.84 89.30 89.44 89.71 89.88 84.64* 87.64
38 83.64 85.44 86.39 86.77 86.58 86.47 85.31 83.15
39 15.70 15.70 15.96 16.02 15.72 15.72 15.68 15.64
40 80.44 80.44 80.91 81.23 80.93 81 .16 80.05 80.59
41 39.22 39.52 40.24 39.96 41.31 40.59 40.53 39.93
42 89.84 87.84 90.93 90.89 90.65 90.82 87.73 89.39
43 53.04 51 .71 55.44 54.45 54.52 54.09 50.97* 53.64
44 29.31 29.41 30.01 30.07 30.00 29.62 29.26 29.97
45 38.55 39.42 39.51 39.86 39.69 40.46 39.96 37.75
46 26.81 26.71 27.42 27.44 27.16 26.96 27.14 26.49
47 92.04 92.04 95.58 95.00 95.17 95.38 93.56 93.01
48 43.62 44.42 44.76 44.84 44.59 44.09 42.46 44.95
49 17.91 18.01 17.95 18.26 18.07 18.10 18.24 17.89
50 17.81 17.31 17.83 17.99 17.97 17.87 16.42* 17.43
51 10.00 10.00 10.40 10.27 10.11 10.25 10.14 9.94
52 17.61 17.70 17.86 18.07 18.09 17.97 17.75 17.76
53 43.92 43.92 44.62 44.10 44.07 44.06 44.52 43.55
54 13.20 13.50 13.44 13.74 13.45 13.60 13.79 13.84

and 20 mL H2S 0 4. (Add addl 1.0 mL H2S 0 4 for each 0.1 g fat 
or 0 .2  g other org. matter if sample wt is > 1  g.)

Include at least one sample of high purity lysine.HC1 in 
each day’s run as check of correctness of digestion parame
ters. If recovery is not complete, make appropriate adjust
ments.

Heat flask at 5 min boil rate (burner preheated and adjusted 
to bring 250 mL H20  at 25° to rolling boil in 5 min) until dense 
white fumes clear bulb of flask, swirl gently, continue heating 
addnl 90 min. (Note: Reagent proportions, heat input, and 
digestion time are critical factors—do not change.) Cool,

cautiously add 250 mL H20 , and cool to room temp. (Note: 
If bumping occurs during distn, voi. of H20  may be increased 
to ca 275 mL.)

Prep, titrn beaker by adding accurately measured appro
priate voi. std acid soln to amt of H20  such that condenser 
tip will be sufficiently immersed. Add 3-4 drops indicator 
soln (c).

Add 2-3 drops of tributyl citrate in digestion flask to reduce 
foaming; add another 0.5-1.0 g alundum granules. Slowly 
down side of flask, add sufficient NaOH soln (a) such that 
mixt. will be strongly alk. Immediately connect flask to distn
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Coll,
Samp

JLa JLLQ. ILL _1 1 2 _
le # CuSO

Result
HgO
Result

CuSO
Result

HgO
Result

CuSO.
Result

HgO
Result

CuSO.
Result

HgO
Result

1 18.81 19.13 19.05 18.81 18.26 18.60 18.38 17.81
2 87.62 87.62 87.98 87.70 86.26 87.19 88.88 88.56
3 15.81 15.75 15.82 15.57 15.36 15.50 15.50 15.63
4 54.38 54.06 54.49 54.03 53.88 53.88 54.25 53.75
5 13.19 13.44 13.62 13.72 13.14 13.13 12.75 13.75
6 29.75 29.69 29.34 29.26 29.63 29.68 29.00 28.50
7 87.38 88.76 90.16 89.75 88.41 88.86 86.75 86.94
8 26.69 27.19 27.29 27.19 26.72 27.05 27.13 26.50
9 85.26 85.62 86.62 86.10 85.19 85.88 81.50* 82.69
10 29.06 28.56 29.51 29.62 29.15 29.33 28.13 28.25
11 17.13 16.88 17.13 16.98 16.79 16.81 16.44 16.75
12 16.75 16.75 17.40 17.27 16.92 17.11 16.88 16.88
13 90.76 90.62 91.14 90.61 89.98 90.17 92.25 91.50
14 27.81 28.06 28.15 28.39 28.07 27.97 27.75 27.06
15 16.38 16.25 16.35 16.49 16.92 16.68 15.88 16.00
16 39.13 39.44 39.77 39.76 39.52 39.57 38.00 38.06
17 53.81 53.75 54.65 54.00 54.05 53.71 54.13 53.25
18 85.50 85.50 85.42 86.03 85.14 85.18 83.75 82.94
19 40.75 40.88 41.65 41.07 41.43 40.53 39.50 39.18
20 75.76 75.76 75.87 75.80 74.91 75.38 76.13 75.88
21 17.81 18.13 18.16 18.08 18.09 17.82 17.81 18.31
22 17.56 17.88 17.95 17.86 17.74 17.86 17.38 17.00
23 88.62 89.50 88.29 87.90 85.89 87.46 87.75 86.44
24 43.88 44.50 44.28 44.24 43.51 44.25 44.31 43.88
25 10.06 10.38 10.41 10.31 9.89 10.16 9.75 9.63
26 53.75 54.44 54.13 54.38 53.88 54.50 53.88 54.00
27 15.75 16.63 16.42 16.37 15.68 16.06 16.38 15.38
28 18.50 18.81 18.86 18.90 18.12 18.03 17.44* 17.56
29 16.88 17.25 16.77 17.18 16.77 17.16 16.19 16.38
30 83.50 85.62 85.74 85.60 84.49 85.22 84.50 84.00
31 17.56 17.94 17.97 18.03 17.42 17.99 18.00 18.19
32 44.69 44.50 44.00 45.05 44.51 45.35 44.38 43.81
33 29.38 29.38 29.41 29.35 29.01 29.02 29.25 29.63
34 81 .26 81.26 82.57 81.16 79.27 80.02 76.63* 76.19*
35 16.81 17.13 17.07 17.35 16.94 17.14 16.63 16.63
36 27.69 28.00 28.24 28.39 27.92 28.32 28.44 27.50
37 88.62 89.50 89.61 89.57 88.33 89.30 89.38 86.88
38 86.12 85.88 86.88 86.38 84.49 86.00 87.50 87.13
39 15.63 15.94 15.86 15.97 15.46 15.79 16.00 16.38
40 79.76 80.38 80.82 81 .08 79.97 80.19 79.50 79.63
41 39.56 40.31 39,99 40.71 40.64 40.65 40.63 40.94
42 89.62 90.12 90.56 90.78 89.63 90.39 90.13 89.25
43 53.94 54.19 54.39 54.21 53.75 54.14 52.13 51 .38
44 29.31 30.00 30.30 30.37 29.88 30.19 28.56 29.06
45 39.75 39.94 39.47 39.90 39.33 39.95 38.69 38.44
46 26.50 26.56 27.38 27.27 26.79 26.81 26.25 26.25
47 91.50 94.50 94.44 95.74 93.99 94.68 93.75 93.94
48 43.94 44.75 45.02 44.62 44.73 44.86 44.56 44.19
49 17.75 18.13 18.06 17.96 17.77 17.74 17.94 17.75
50 17.69 17.88 17.98 17.81 17.55 17.66 17.75 17.3851 10.00 10.19 10.48 10.42 10.24 9.98 10.94* 9.7552 17.69 17.88 17.60 18.10 17.38 17.92 16.88* 16.38*53 44.25 44.13 44.62 43.82 43.82 44.21 44.31 43.9454 13.44 13.56 13.58 13.68 13.50 13.49 12.63 13.63

and distil at ca 7.5 min boil rate until std acid; Nadd = normality of std acid; Nbase— 150 mL distillate is collected in titrn beaker.
Titr. excess std acid in distillate with std NaOH soln. Cor

rect for blank detn on reagents. Calc. %  N:
std base. Calc. %  crude protein, defined as 6.25 x %  nitrogen, 
or 5.7 x % nitrogen for wheat grains.

% N = [(Nacid)(mLacid) -  (mLbk)(NNaOH)
-  (mLNaOH)(NNaOH)][1400.67]/mg sample

where mLNaOH = mL std base needed to titr. sample; mLacid 
= mL std acid used for that sample; mLbk = mL std base 
needed to titr. 1 mL std acid minus mL std base needed to 
titr. reagent blank carried thru method and distd into 1 mL

Results and Discussion

Table 1 identifies the sample varieties sent to collaborators. 
In general, closely matched pairs were obtained from the 
same manufacturing source, if possible, different lots of the 
same product. Having blind duplicates eliminates the possi
bility of biased results because the collaborators cannot dis-
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Collaborator #13__________  #14________  _______ £15_______  £16
Sample § CuSO

Result
HgO

-Result
CuSO,
Result

HgO
Result

CuSO.
Result

HgO
Resu1t

CuSCL
Result

HgO
Resu 11

1 18.02 17.86 18.85 18.70 18.88 18.97 19.24 18.79
2 85.58 85.01 87.60 87.00 88.22 88.05 91 .28 89.31
3 14.90* 14.57* 15.60 15.45 15.57 15.60 16.37 16.46
4 53.05 52.05* 53.75 50.45* 54.37 54.19 55.48 57.27
5 12.55 12.60 13.15 13.05 13.31 13.18 14.32 13.87
6 29.20 28.34 29.70 29.30 29.76 29.81 31.17 30.30
7 86.57 86.42 88.45 88.70 89.42 89.63 91.28 91 .28
8 25.99 26.19 26.85 26.45 27.16 26.94 27.74 27.29
9 83.37 83.36 85.70 85.20 86.04 86.19 89.31 88.96
10 28.37 28.89 29.00 28.75 29.83 29.21 29.76 29.31
11 16.28 16.18 16.80 16.85 16.79 16.88 17.16 17.51
12 16.60 16.54 16.85 16.95 17.03 16.92 17.51 17.78
13 87.01 87.78 90.10 89.70 90.13 89.77 93.96 93.07
14 27.00 27.14 27.90 26.80 28.13 28.15 29.53 28.90
15 15.36 15.44 16.10 16.00 16.04 16.03 16.56 16.33
16 38.61 38.66 39.50 38.70 39.40 39.43 41.17 42.06
17 52.59 52.37 53.30 50.45 54.21 53.75 55.04 57.27
18 82.31 81.55 84.80 84.40 85.42 85.22 88.96 89.49
19 38.09 39.00 40.70 40.50 40.66 40.47 42.06 42.06
20 73.02* 73.50* 74.90 74.60 75.91 75.80 77.06 79.65
21 17.05* 17.20 17.95 17.80 17.43 17.73 18.79 18.35
22 16.86 16.80 17.65 17.30 17.72 17.79 17.78 18.12
23 85.67 85.41 87.40 87.50 88.07 87.65 90.38 91 .28
24 42.74 43.18 42.90 44.35 44.10 43.77 45.64 46.09
25 9.71 9.57 10.15 10.00 10.03 9.96 10.77 10.68
26 52.77 52.41 53.90 51 .55 54.47 54.17 55.48 55.48
27 15.25 15.58 16.05 16.00 16.10 16.11 16.78 16.56
28 18.25 17.98 18.90 18.85 18.90 18.80 19.24 19.24
29 16.41 16.19 16.85 16.95 16.90 16.95 17.16 17.60
30 82.96 82.38 84.70 84.90 85.45 85.14 89.49 89.31
31 17.48 17.21 17.90 17.80 17.80 17.82 18.35 18.35
32 43.51 43.38 43.60 44.20 45.02 45.02 45.53 46.53
33 28.25 27.92 29.30 29.20 29.50 29.24 31.77 30.65
34 77.63* 77.23* 80.30 79.40 80.43 80.57 84.12 85.01
35 16.45 16.37 16.90 16.80 16.79 16.84 17.25 17.69
36 27.32 27.18 28.05 27.50 28.25 28.02 28.64 28.64
37 86.46 82.36* 89.00 88.50 89.79 89.35 90.38 91.28
38 84.26 83.40 85.30 85.50 86.08 85.97 90.72 93.07
39 15.21 15.07 15.65 15.35 15.68 15.65 16.33 16.02
40 78.32 77.57 80.20 80.20 80.52 80.32 84.12 83.22
41 38.56 38.75 40.85 39.90 39.97 40.17 44.74 42.51
42 87.81 87.62 90.10 89.60 90.49 90.21 93.07 93.07
43 52.49 52.30 53.10 49.05* 53.96 53.90 55.93 55.04
44 28.97 29.11 30.00 29.05 30.17 29.88 30.87 29.98
45 38.65 38.34 39.25 38.55 39.49 39.26 41 .61 40.63
46 26.17 25.97 26.95 26.65 27.07 26.88 27.85 27.49
47 92.35 91.59 89.70* 94.50 95.47 95.40 95.75 96.65
48 42.92 42.42* 44.10 44.55 44.54 44.42 45.64 46.53
49 17.47 17.32 17.95 14.95 17.89 17.83 18.79 18.57
50 17.29 17.13 17.65 17.50 17.66 17.72 18.45 18.35
51 9.70 9.76 9.90 9.90 10.05 10.02 10.77 10.86
52 17.34 17.16 17.75 17.50 17.68 17.59 18.35 17.90
53 42.92 42.56* 44.10 43.75 44.16 43.98 45.64 45.64
54 12.96 12.51* 13.40 13.45 13.64 13.30 14.09 14.09

tinguish blind duplicates from closely matched pairs. Collab
orative results were received from 22 laboratories (Table 2).

There were a number of comments from collaborators. 
Three mentioned that they experienced some degree of 
bumping during distillation, and suggested adding more than 
the specified 250 mL water after digestion. Bumping may be 
a function of flask size because not all analysts experienced 
the problem. One person commented on the fine quality of 
the sample grind, while another thought some samples could 
have been more finely ground.

Collaborator 6 noted some problems with caking of the 
digest when 5 min boil heat input was used. Collaborator 13

substituted BDH Chemicals Ltd aluminum oxide (4-8 mesh) 
for alundum, and felt it was better to weigh the feeds into 
tissue paper, roll the paper up, and drop it into the flasks. 
Collaborator 18 changed the standard acid concentration to 
0.1N and reduced the minimum sample size to 0.14 gfor the 
samples of highest protein content. Collaborator 15 added 
0.2 mL saturated aqueous solution of CuS04.

Collaborator 14 made several observations. He suggested 
that the method write-up should specify the digestion times 
(2 h for mercury and 90 min for copper). He suggested that 
the positive bias for copper might be attributed to co-precip- 
itation of ammcnia with mercury in the mercury method. He
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Table 2 con t. C o llabora tive  R esu lts

J X L J I B
le # CuSO

Result
HgO
Result

CuSO,
Result

HgO
Result

CuSO.
Result

HgO
Resu1t

CuSO.
Result

HgO 
Resu11

1 18.91 19.02 19.13 19.26 18.63 18.56 17.96 18.40
2 87.53 87.69 87.50 86.28 85.73 86.03 86.55 87.07
3 16.00 16.00 15.79 15.83 15.67 15.56 15.33 14.89
4 54.46 54.49 54.75 54.50 53.91 53.15 52.74 53.87
5 13.66 13.72 13.39 13.28 13.47 13.37 13.05 12.88
6 29.77 29.99 30.95 29.70 29.39 29.43 28.73 29.08
7 89.32 89.52 88.37 87.32 86.48 86.77 64.80 87.60
8 27.28 27.07 27.00 26.57 26.68 26.89 26.72 27.16
9 68.38* 68.57* 85.24 84.62 86.37 85.27 65.67 86.11
10 29.45 29.71 29.35 29.57 28.83 29.17 28.73 28.65
11 17.28 17.49 17.05 16.78 16.65 16.40 16.12 16.56
12 17.29 17.42 16.97 17.19 16.82 16.74 16.38 16.64
13 90.70 90.70 90.35 89.89 89.20 88.24 88.30 89.35
14 28.54 28.49 28.27 28.12 27.81 27.54 27.16 28.03
15 15.97 16.07 16.27 16.43 15.96 15.74 14.89 16.16
16 38.99 38.74 38.98 39.52 39.21 38.90 37.49 38.76
17 54.04 54.23 54.09 53.80 53.70 52.92 55.71 53.39
18 85.20 85.60 85.70 85.23 85.18 84.78 81.47 85.32
19 41.09 41 .27 40.36 41.63 41.04 40.91 40.21 40.69
20 75.96 75.75 75.58 75.35 78.16* 78.14* 72.88 76.21
21 18.18 18.07 18.31 18.13 17.70 17.43 19.27 19.14
22 18.04 17.86 18.03 17.81 17.50 17.66 18.13 18.35
23 88.16 88.43 87.23 88.29 86.36 87.26 91 .98 91.81
24 44.41 44.44 43.60 44.17 44.64 43.80 48.18 48.27
25 10.40 10.33 10.16 9.81 10.20 10.00 11.39 11.21
26 54.45 54.45 54.22 54.37 54.40 54.05 54.84 55.36
27 16.46 16.59 15.61 16.34 16.51 15.96 17.26 17.52
28 19.00 19.26 19.09 19.23 18.62 18.67 19.10 19.18
29 16.98 17.19 16.99 17.24 16.57 16.77 17.35 17.74
30 84.92 85.17 85.12 85.64 84.59 83.99 87.60 89.70
31 18.04 18.21 17.76 17.95 18.07 17.94 17.96 18.13
32 45.05 45.18 45.16 45.11 43.60 43.32 49.06 49.71
33 29.56 29.75 29.51 29.28 29.26 29.28 29.43 29.96
34 81.42 81.63 80.61 80.49 80.00 79.59 90.05 84.36
35 17.26 17.47 17.23 17.10 17.02 17.00 18.92 18.97
36 28.54 28.52 28.49 27.82 27.79 27.91 29.35 29.04
37 89.65 89.44 88.33 89.70 88.16 87.62 89.18 90.67
38 86.43 86.66 83.80 86.42 85.00 86.17 90.05 89.18
39 15.51 15.58 15.94 15.47 15.84 15.62 17.34 16.95
40 81.37 81.70 81.00 81.58 80.08 80.00 89.88 88.39
41 42.90 42.74* 41.34 43.19* 40.25 40.00 42.05 43.14
42 90.56 91.22 90.78 90.47 90.29 90.52 92.51 92.42
43 54.43 54.59 53.95 53.54 53.00 53.73 55.36 55.41
44 30.34 30.64 30.58 29.96 29.28 28.94 29.70 30.79
45 39.45 39.33 41.13 39.54 38.45 39.11 40.65 40.69
46 27.42 27.49 27.76 26.89 26.63 26.75 28.03 28.91
47 94.77 95.78 95.12 95.66 92.09 92.58 90.93 94.08
48 45.28 45.49 43.11 44.84 43.53 44.28 42.49 44.24
49 18.32 18.56 18.07 20.27 17.53 17.86 17.43 17.52
50 18.14 18.37 17.91 17.82 17.38 17.65 17.26 17.65
51 10.51 10.26 12.48* 10.15 9.95 9.99 9.46 9.64
52 18.03 18.00 18.06 18.00 17.41 17.54 16.99 17.52
53 44.58 44.81 44.19 44.27 43.33 43.34 42.92 43.80
54 13.31 13.41 13.64 13.39 13.35 13.26 12.70 13.27

noted that while lysine.HCI has a sharp titration end point in 
the mercury method, he regularly observed an indefinite end 
point with that one material in the copper method.

Two-sample X-Y charts were prepared according to You- 
den (5). Blind duplicates were plotted as additional data on 
the same chart. The charts were examined for gross outliers. 
Eleven of the 22 laboratories had at least one obvious outlier 
(Table 3).

Three laboratories, 3, 16, and 20, reported gross outlying 
values for about half of their 52 possible pairs of results. 
Laboratories 16 and 20 had consistently high results, while 
Laboratory 3 had consistently low results. In conversation

with those analysts, no obvious causes of the bias could be 
pinpointed. Nevertheless, those 3 laboratories were omitted 
from further statistical consideration.

The remaining data were processed for outliers according 
to Steiner (6). Blind duplicates were considered as the same 
sample, making a total of 38 data points for each sample. In 
a few cases, when there was a rather gross outlier which 
excessively distorted the standard deviation, a second pass 
through the data was made after omitting that outlier to see 
if additional data could be declared outliers.

Two samples, 20 and 47, were standard materials which 
did not have blind duplicates. These consisted of only 19 data
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Table 2 cont. Col Iabora+ive Results  

Co 11aborator - 1 2 1
le  # CuSO.

Result
HgO 
Resu1t

CuSO.
Result

HgO
Result

1 18.9 18.8 19.16 18.93
2 88.7 88.5 88.85 86.32
3 15.9 15.7 15.96 15.38
4 55.0 54.7 54.78 53.85
5 13.4 13.6 13.42 15.32*
6 30.1 30.0 30.22 29.76
7 90.3 90.2 88.08 86.67
8 27.4 27.2 26.92 26.36
9 86.9 86.6 85.34 79.17*
10 29.6 29.5 29.23 28.25
11 17.2 17.0 17.14 15.97
12 17.1 17.4 16.66 16.18
13 91.3 91.2 90.46 90.09
14 28.4 28.4 28.47 27.98
15 16.2 16.4 16.80 16.01
16 39.9 39.8 40.34 40.31
17 54.2 54.2 53.76 54.91
18 86.1 86.2 83.78 87.64
19 40.8 40.4 39.85 41.09
20 75.9 75.9 76.18 75.89
21 18.2 18.1 18.37 18.06
22 18.0 18.0 17.94 17.79
23 88.5 88.3 87.41 88.87
24 44.3 44.6 43.84 43.75
25 10.3 10.2 10.28 9.29*
26 54.5 54.6 53.37 53.91
27 16.5 16.2 15.88 16.33
28 19.1 19.1 18.76 18.43
29 17.1 17.0 16.57 16.92
30 85.8 85.8 83.67 84.91
31 18.2 18.0 17.92 17.63
32 45.1 44.7 44.67 44.65
33 29.7 29.6 29.63 30.09
34 81.2 81.5 82.16 81.47
35 17.3 17.2 17.19 16.92
36 28.4 28.4 28.27 28.38
37 90.4 90.1 88.99 89.57
38 86.7 86.6 86.07 86.47
39 15.9 15.8 15.79 15.89
40 81.4 81.4 81.56 81.40
41 41.0 41.1 39.93 40.11
42 91.3 91.2 90.77 91.35
43 54.1 54.1 53.45 54.03
44 30.1 30.2 29.98 29.98
45 40.8 40.8 38.88 39.70
46 27.3 27.2 26.84 27.28
47 94.6 95.8 94.76 95.82
48 45.2 45.2 44.45 45.37
49 18.1 18.2 17.67 17.82
50 17.9 17.9 17.82 17.67
51 10.2 10.2 9.94 10.09
52 17.7 18.0 17.88 18.05
53 44.6 44.5 44.30 44.79
54 13.6 13.6 13.10 13.19

points each, so outliers were checked using the Dixon test
(7).

Outliers are noted by an asterisk in Table 2. There were 23 
copper catalyst outliers and 2 2  mercury catalyst outliers, 
representing 2.2% of the total data for 19 laboratories.

The remaining data, with outliers removed, were processed 
for information on precision by using Youden’s scheme for 
closely matched pairs (8 ). Because the collaborative scheme 
included blind duplicates of the closely matched pairs, there 
were 2 blind duplicates for each X and Y pair from each 
laboratory. Table 4 contains the various X and Y means and

Table 3. Gross outliers from X-Y charts

Lao. No. of visual outliers

- 3
3 25
4 1
8 8

12 9
13 13
14 4
16 26
18 2
20 24
22 2

the standard deviations: Sr, the estimate of random error, .S'b, 
the estimate of interlaboratory bias, and Sd, the estimate of 
overall precision.

Using this table, it is possible to compare the precision 
between the mercury and the copper versions of the method. 
In general, the various standard deviations for the 2 methods 
compare reasonably closely by sample set. Of the 39 possible 
pairs of standard deviations, mercury had the largest 24 times 
and copper 15 times. However, in only one sample set, 12,35— 
21,49, did the mercury method standard deviations appear 
noticeably large compared with those of the copper method.

The grand means of blind duplicates were slightly higher 
for the copper method in 17 sample sets, and for the mercury 
method in 9 sample sets. The largest difference was about 
0.2%, but most means were in much closer agreement. The 
overall average difference, copper minus mercury grand means, 
was +0.015%.

It should be noted that the comparisons of both precision 
and mean were just the opposites of what was found in the 
1955 study (3). This can be attributed to the optimization of 
digestion parameters for copper in the current version of the 
method.

To get a rough idea of the expected precision of the methods 
at a given protein level, the data from Table 4 were grouped 
by level in 10% increments (Table 5). The standard deviations 
within each 1 0% increment were combined by averaging the 
variances. Of course, the nature of the sample or its prepa
ration before analysis might also be significant factors in a 
particular case.

Sample 20, NBS SRM NH4H;P 0 4, 75.94% protein equiv
alent, was included among the collaborative samples to give 
some indication of the accuracy of the 2 methods. The mean 
of the copper catalyst results was 75.61% with a standard 
deviation of 0.45. The mean of the mercury catalyst results 
was 75.46% with a standard deviation of 0.49%. Three or 4 
laboratories seem to be substantially lowering the mean in 
both methods. Because complete digestion is assured with 
this material, a check of apparatus, reagents, and technique 
is necessary if recovery is less than theoretical. A Kjeldahl 
room is probably a prime candidate for relaxed quality control 
in many laboratories. In any case, the copper method com
pares favorably with the mercury method with this sample.

Sample 47, Eastman lysine.HC1, 95.86% protein theoreti
cal, was included because it is a hard-to-digest material and, 
therefore, a good test of the digestion parameters of the 2 

methods. The purity of the material was given as “ at least 
98%.” The mean of the copper catalyst results was 94.02% 
with a standard deviation of 1.34. The mean of the mercury 
catalyst results was 94.54% with a standard deviation of 1.50.

The copper catalyst had 3 considerably low values which 
the Dixon test had identified as outliers; these were, there
fore, not included in the calculation of mean and standard 
deviation. It is plausible, however, that the cause of these
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Table 4. Means and standard deviations, Cu vs Hg

Sample Cu Hg

X-Y Mean X Mean Y Sr Sd Sb Mean X Mean Y S, Sd Sb

1,28-11,29 18.757 16.868 0.198 0.286 0.206 18.749 16.858 0.276 0.380 0.261
2,23-7,37 87.661 88.890 0.668 1.04 0.796 87.658 88.888 0.529 1.08 0.945
3,39-15,27 15.701 16.155 0.256 0.319 0.190 15.715 16.191 0.263 0.279 0.094
4,26-17,43 54.208 53.843 0.361 0.611 0.493 54.093 53.732 0.445 0.632 0.449
5,54-25,51 13.369 10.121 0.146 0.238 0.188 13.465 10.084 0.182 0.232 0.144
6,44-10,33 29.758 29.272 0.302 0.446 0.328 29.715 29.227 0.390 0.499 0.312
8,46-14,36 26.963 28.097 0.217 0.391 0.326 26.885 27.992 0.193 0.433 0.387
9,38-13,42 85.786 90.104 0.723 1.06 0.780 85.713 90.043 0.842 1.14 0.772

16,45-19,41 39.419 40.432 0.644 0.801 0.477 39.424 49.350 0.495 0.677 0.462
18,30-34,40 84.916 80.708 0.667 0.835 0.503 85.091 80.683 0.570 0.967 0.780
12,35-21,49 17.010 17.937 0.195 0.236 0.133 17.019 17.923 0.460 0.528 0.258
22,50-31,52 17.750 17.788 0.169 0.242 0.172 17.681 17.859 0.194 0.290 0.216
24,53-32,48 44.016 44.408 0.562 0.604 0.223 44.136 44.625 0.328 0.484 0.355

Table 5. Approximate standard deviations by % protein level

% Protein 
range

Copper Mercury

S, Sd Sb Sr Sd Sb

10-20 0.196 0.266 0.179 0.292 0.358 0.205
20-30 0.263 0.419 0.327 0.308 0.467 0.352
30-40 0.644 0.801 0.477 0.495 0.677 0.462
40-50 0.562 0.604 0.223 0.328 0.484 0.355
50-60 0.361 0.611 0.493 0.445 0.632 0.449
60-70 — — — — — —
70-80 — — — — — —
80-90 0.687 0.984 0.706 0.662 1.06 0.836

low values was incomplete digestion. Also, both mercury and 
copper standard deviations are high in comparison with typ
ical standard deviations at the 80-90% protein level from 
Table 5.

These means and standard deviations are disappointing for 
both copper and mercury. Previous work has shown the 
copper digestion parameters to be rugged (4). Work in the 
author’s and other laboratories indicates better performance 
could be expected.

To identify the sources of error in the method, the relation 
between heat input and lysine recovery was examined. Table 
6 shows that there is some, but not consistent, correlation 
between the 2 factors. Evidently, a combination of digestion 
factors was affecting the data more than was noticed with the 
other sample materials.

It can be concluded that too many laboratories do not give 
enough attention to the various digestion parameters in either 
the copper or the mercury versions. The mercury method is 
sensitive to these parameters, and the copper method is 
somewhat more sensitive.

Analyses of variance, by method and laboratory, were run 
for each blind duplicate pair of feed samples. Of the 26 pairs, 
22 showed no method effect and 4 did show an effect at the 
95% confidence level (Table 7). Of the 4 showing a method 
effect—the 2 meat and bone meals, the puppy food, and a 
milk replacer—the grand mean for copper was higher than 
that for mercury in each case.

Conclusions and Recommendations

On a wide variety of sample types, the copper catalyst 
version of the method performed at least as well as the mer
cury catalyst version. Means were either equivalent or slightly 
higher with copper than mercury. Standard deviations were 
equivalent or slightly lower with copper than mercury, and 
one sample had a noticeably higher standard deviation with 
mercury. In the few sample sets where there was a statisti
cally significant difference between the methods, copper means

were slightly higher than mercury means. The improvement 
in copper catalyst performance over previous studies is 
attributed to an optimization of the digestion parameters for 
copper. Performance on NBS NH4H2P 0 4 was slightly better 
with the copper catalyst than with the mercury catalyst.

The only negative factor in the study was the performance 
of the copper method with lysine.HC1. While both methods 
gave high standard deviations with this material, evidence 
suggests that with especially difficult-to-digest material, the 
copper digestion parameters are less rugged than the mercury 
parameters.

It is recommended that the copper catalyst method be 
adopted official first action; that it be stipulated as a part of 
the method that lysine.HC1 be analyzed during routine sample 
determinations as an ongoing check of analytical perfor
mance; that the question of the indefinite titration end point 
of lysine noted by one collaborator be further investigated; 
that if bumping is a problem during the distillation step, the 
volume of dilution water be increased from 250 to 275 mL.
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Table 6. Relation between boil test and lysine digestion
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7 416-5 95.17 95.38
8 416-5 93.56 93.01
9 4-5 91.50 94.50

10 not properly detd 94.44 95.74
11 9-13 93.99 94.68
12 5 93.75 93.94
13 4-61/2 92.35 91.59
14 6-8 89.70 94.50
15 4-516 95.47 95.40
16 4-11 95.75 96.65
17 4—516 94.77 95.78
18 6-9 95.12 95.66
19 5—616 92.09 92.58
20 <8 90.93 94.08
21 416-5 94.6 95.80
22 316-4 94.76 95.82
22a 7 94.64 95.31

“Lab. 22 ran 2 sets of results, one with 750 watt heaters and one with 500 
watt heaters, on equipment that did not permit heat adjustments.

W. C. Johnson, University of Georgia Soil Testing and 
Plant Analysis Lab., 2400 College Station Rd, Athens, GA 
30602

J. Krause, GTA Feed, PO Box 1447, Sioux Falls, SD 57117
V. Midkiff, Division of Regulatory Services, 102 Scovell 

Flail, University of Kentucky, Lexington, KY 40546
H. F. Morris, Dept of Agriculture, PO Box 16390-A, Baton 

Rouge, LA 70893
E. E. Mueller, Ralston Purina Co., Checkerboard Square, 

St. Louis, MO 63188
M. O’Neil, Laboratory Services Div., Plant Products Bldg 

22 C.E.F., Ottawa, Ontario, Canada K1A 0C5
W. V. Perry, Moorman Mfg Co., 1000 N 30th St, Quincy, 

IL 62301
R. D. Smith, Walnut Grove, 201 Linn St, Atlantic, IA 50022
R. Stedman, Mississippi State Chemical Lab., Box CR, 

Mississippi State, MS 39762
L. D. Steele, Indiana State Chemist Lab., Purdue Univer

sity, West Lafayette, IN 47907
R. N. Tulloch, Division of Consolidated Laboratory Ser

vices, 1 N 14th St, Richmond, VA 23219
G. VanDeKoppel, Oregon Dept of Agriculture, 635 Capitol 

St NE, Salem, OR 97310
R. M. Vickery, State Agricultural Experiment Station, Food 

Research Lab., Geneva, NY 14456

Table 7. Analyses of variance and grand means

Sample
Significant 

method effect?
Copper 

grand mean
Mercury 

grand mean

1-28 no 18.75 18.75
2-23 no 87.66 87.60
3-39 no 15.70 15.72
4-26 yes 54.20 54.02
5-54 no 13.36 13.46
6-44 no 29.76 29.72
7-37 no 88.89 88.89
8-46 no 26.96 26.88
9-38 no 85.79 85.71

10-33 no 29.27 29.24
11-29 no 16.85 16.86
12-35 no 17.00 17.02
13-42 no 90.18 90.06
14-36 yes 28.10 27.99
15-27 no 16.13 16.17
16-45 no 39.42 39.42
17-43 yes 53.84 53.63
18-30 no 84.82 84.94
19-41 no 40.40 40.32
21-49 no 17.94 17.92
22-50 yes 17.75 17.67
24-53 no 44.02 44.14
25-51 no 10.12 10.08
31-52 no 17.79 17.86
32-48 no 44.41 44.63
34-40 no 80.71 80.68

G. Willkens, Agway Inc., Technical Center, 777 Warren 
Rd, Ithaca, NY 14850

D. C. Williams, Ohio Dept of Agriculture, Reynoldsburg, 
OH 43068

In addition, the Associate Referee acknowledges Connie 
Lehe who confirmed some of Rexroad and Cathey’s work in 
this laboratory, Sharon Rockhill and Sharon Jones, who 
assisted in the considerable task of sample preparation, and 
the National Bureau of Standards, which supplied the 
NH4H2P 0 4.

R e f e r e n c e s

(1) Official Methods o f  Analysis (1980) 13th E d . ,  A O A C , A rlin g to n , 
V A

(2) B o n n e r , F . L . ,  & E p p s ,  E . A . (1 9 5 4 )7 . Assoc. Off. Agric. Chem. 
3 7 , 2 4 1 -2 4 6

(3) Q u a c k e n b u s h , F . W ., E th e re d g e , M . P .,  &  B a te s , R . W . (1955)
7. A s s o c . Off. Agric. Chem. 38, 56-61

(4) R e x ro a d , P. R  , &  C a th e y , R . D . (1976) 7. A ss o c . Off. Anal. 
Chem. 5 9 , 1213-1217

(5) Y o u d e n , W. J . ,  &  S te in e r , E . H . (1975) Statistical Manual o f  the 
AOAC, A O A C . A rlin g to n , V A , p p . 10-11

(6) Y o u d e n , W . J . ,  &  S te in e r , E . H . (1975) Statistical Manual o f  the 
AOAC, A O A C , A rlin g to n , V A , p . 87

(7) Y o u d e n , W . J . ,  &  S te in e r , E . H . (1975) Statistical Manual o f  the 
AOAC, A O A C , A rlin g to n , V A , p . 86

(8) Y o u d e n , W . J . ,  &  S te in e r , E . H . (1975) Statistical Manual o f  the 
AOAC, A O A C . A rlin g to n , V A , p p . 2 2 -2 3



878 MAXWELL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 67, NO. 5, 1984)

S im p le ,  R a p id  M e t h o d  f o r  D e t e r m in a t io n  o f  T o t a l  E x t r a c t a b le  F a t  in  C a n n e d  P e t  F o o d s

ROBERT J. M AXW ELL
U .S .  D e p a r t m e n t  o f  A g r i c u l t u r e , A g r i c u l tu r a l  R e s e a r c h  S e r v i c e ,  E a s t e r n  R e g i o n a l  R e s e a r c h  C e n te r ,  
P h i l a d e l p h i a ,  P A  1 9 1 1 8

The rapid column method described, unlike AOAC method 7.056, 
determines both neutral (“ crude” ) and total fat in canned pet foods, 
and uses nonflammable solvent mixtures and simple laboratory equip
ment. Neutral fat values are obtained by eluting the column with 
dichloromethane, whereas total fat values are determined by using 
dichloromethane-methanol (9 + 1). For 7 samples analyzed in tripli
cate, fat ranged from 2.9 to 10.8%. Neutral fat values by the dry 
column method were significantly lower (P <  0.05) than were those by
7.056 (6.29 vs 6.49), although these differences were practically unim
portant. Total fat determinations by the dry column method and by
7.056 yielded overall means of 7.40 and 6.49%, respectively. The 
0.91% mean difference is significant (P <  0.01) and represents a more 
complete extraction of polar lipids by the proposed method.

Determination of fat content of canned pet foods by the 
AOAC Soxhlet method 7.056 (1) requires several hours for a 
complete analysis, uses flammable solvents which require 
fume hoods and other safety equipment, and produces a 
“ crude” or ether-soluble extract for the fat value. Moreover, 
crude fat values may be misleading as indicators of fat content 
because they do not fully represent the potentially large 
amounts of phosphclipids in such foods.

A method of fat extraction previously developed in this 
laboratory for meat and meat products (2 ), which alleviates 
many problems encountered with Soxhlet determinations, 
has now been modified for analysis of canned pet foods. By 
use of this simple, dry column procedure, either neutral (crude) 
or total fat values may be obtained, and the unaltered fats 
recovered by this method may be analyzed further (3).

METHOD

R e a g e n t s  a n d  A p p a r a t u s
Dichloromethane (DCM) and methanol were obtained from 

Burdick and Jackson Laboratories (Muskegan, MI 49442). 
Column packings were granular anhydrous Na2S 0 4 (Mal- 
linckrodt, Inc., Paris, KY 40361); CaHPO, • 2H20 ; and Celite 
545, not acid-washed, Catalog No. C-212 (Fisher Scientific 
Co., King of Prussia, PA 19406). Celite 545 and CaHP04 • 
2H20  ( 9 + 1 )  were mixed and then stored in a covered glass 
jar until needed.

A porcelain mortar (750 mL) and pestle (2), a glass chro
matographic column ca 25 mm id x 30 cm long with a drip 
tip 5 cm x 8 mm id (prepared locally), and a tamping rod 
were used.
P r e p a r a t i o n  o f  S a m p l e  f o r  A n a l y s i s

Samples were heated in their cans for 30 min in a 45°C 
water bath. The cans then were opened, and their contents 
were mixed in a focd processor until uniform. The mixture 
was reheated at 45°C to ensure uniformity, and then samples 
for both 7.056 and dry column methods were removed and 
weighed on disposable tared aluminum weighing pans (use 
smooth-wall pans).

Received January 17, 1984. A ccepted M arch 27, 1984.
Reference to brand or firm name does not constitute endorsement by the 

U .S . Departm ent o f Agriculture over others o f a  similar nature not mentioned.

P r o c e d u r e
(1 )  Place glass wool plug loosely into tip of glass column, 

charge column with 5 g previously prepared Celite 545-CaHP04 

mixture, and tamp firmly in place. Place preweighed con
tainer (150 mL tail-form beaker) under drip tip.

(2 ) Weigh a sample of canned food (ca 2.5 g) to nearest 0.1 
mg and transfer quantitatively to mortar. (Use spatula to 
transfer bulk of sample, then some Na2S 0 4 from step 3  to 
pick up remaining sample from weighing dish.)

(3 ) Add 10 g anhydrous Na2S 0 4 to mortar and mix thor
oughly using pestle. Then add ca 7 g Celite 545 and grind until 
a uniform free-flowing powder is formed (ca 2 min).

(4 ) Transfer resultant mixture to glass column through 
powder funnel and firmly tamp in place.

(5 )  N e u t r a l  ( c r u d e )  f a t  d e t e r m i n a t i o n .—Rinse mortar with 
ca 25 mL DCM by use of a large disposable pipet and transfer 
rapidly to inner column wall. Let solvent pass through column 
bed until a first drop of eluant appears at drip tip, then imme
diately add additional 100 mL DCM and let column drip until 
dry. Collected solvent may be removed during elution by 
gentle heating and evaporation under nitrogen stream. If fat 
is required for further analytical studies, eluate may be col
lected in volumetric flask instead of beaker.

(6 ) T o ta l  f a t  d e t e r m i n a t i o n .—Follow step 5 except use 
solvent mixture of DCM-methanol (9 + 1) to wet the column 
and then use an additional 100 mL to charge column.

(7) After solvent removal from either steps 5  or 6 , dry 
residue in beaker for 30 min at 100°C as specified in sec. 7.056
(1). Determine residue weight and calculate percent (%) fat 
as (residue wt/sample wt) x 1 0 0 .

Results and Discussion
Although the dry column extraction method was previously 

applied only to meat and meat products (2), no problems were 
experienced when the method was attempted with canned 
pet foods. The present work used half the sample size and 
reagents used in the previous study with no effect on accu
racy, and this resulted in a considerable saving in reagents. 
No nonlipid artifacts were found in the fat extracts, indicating 
that the CaHP04-Celite 545 trap was effective in retaining 
nonlipid materials of canned foods. Total elapsed time required 
to complete an analysis by the dry column method is typically
1.5-2 h including the 30-min drying time needed for the fat 
residue, which compares favorably with that for a standard 
AOAC Soxhlet method 7.056 (6 - 8  h including sample drying 
time). In addition, the dry column method uses less hazardous 
solvents, dichloromethane and methanol, rather than flam
mable ethers.

AOAC method 7.056 measures crude fat, the composition 
of which may vary with the ether used as solvent. Small but 
inconsistent amounts of phospholipid are co-extracted with 
the neutral fat when using ethyl but not petroleum ether (4). 
The present study confirmed this observation where the phos
pholipid content of each of the ethyl ether Soxhlet extracts 
was measured. Each sample contained low levels (0.05-0.50%) 
of phospholipid (Table 1), suggesting that values obtained for 
fat content by Soxhlet do not represent a clearly defined 
portion of total fat in canned processed foods. In contrast, 
by proper choice of solvent with the column method, one can
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Table 1. Comparison of AOAC 7.056 and dry column methods for extraction of crude and total fat and phospholipids from pet foods

Dry column AOAC Soxhlet8

Supplier Type Total fat,6'  % PL6" % Neutral 'at,60 % Crude fat,6 % PL,6" %

A
Dog foods: 

Beef 9.60 ± 0.14 0.76 8.52 ± 0.22 8.65 ± 0.15 0.48
B Chicken 7.80 ± 0.08 0.25 7.05 ± 0.05 7.03 ± 0.06 0.05
A Lamb 5.18 ± 0.01 0.73 4.32 ±0.13 4.50 ± 0.25 0.32
A Liver 6.41 ± 0.06 0.99 5.33 ± 0.03 5.63 ± 0.06 0.48

C
Cat foods:

Beef and liver 10.83 ±  0.08 1.37 9.33 ± 0.05 10.05 ± 0.38 0.50
D Salmon 9.08 ± 0.12 1.43 7.58 ± 0.05 7.58 ± 0.16 0.46
E Tuna 2.93 ± 0.03 0.89 1.91 ± 0.03 1.99 ± 0.28 0.13

Mean of 7 samples 7.40 ± 0.07 0.92 6.29 ± 0.08 6.49 ± 0.19 0.35

“AOAC reference method 7.056 (1).
"Mean of 3 subsamples ± std dev.
'Column eluted with DCM-methanol (9 + 1).
"Phosphorus content determined by method of Vaskovsky et al. (5), and expressed as % phospholioid (PL) = 25 x % phosphorus. 
“Column eluted with DCM only.

accurately determine either the neutral or total fat in a canned 
food sample. When dichloromethane is used as the sole eluant, 
only the neutral fat is removed from the sample (3); therefore, 
no values for recovered phospholipid are shown in Table 1. 
For the reasons stated, direct comparisons between crude 
(Soxhlet) and neutral fat values (dry column method) cannot 
be made. Their values are similar (6.29 vs 6.49%), however, 
and although the neutral values are significantly lower (P  <  
0.05), the absolute difference between the means is only 
3.1%.

The major utility of the dry column method is its ability to 
obtain values for the t o t a l  fat content of canned foods. Earlier 
experiments with meat (3) demonstrated that t o t a l  fat was 
recovered when the dry column was eluted with DCM-meth
anol (9 + 1). Similar results were obtained in the present 
work with canned pet foods, where the values for total fat 
(7.40 vs 6.49%) were significantly ( P  <0.01) higher than those 
determined by 7.056 (Table 1). The mean difference (0.91%) 
between these values reflects, in part, the amounts of addi
tional phospholipid extracted by the proposed method. More
over, fat recovered by the dry column method is not altered 
by the extraction process (3) and may be used in subsequent 
analytical studies. Thus, the dry column fat extraction method

affords the analyst the option of attaining either the neutral 
(crude) or total fat content of canned pet foods by techniques 
that are simple tc perform. In limited tests with canned proc
essed foodstuffs other than pet foods, the proposed method 
worked equally well and could be considered as an alternative 
when these substances are analyzed for fat content.
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FOOD ADDITIVES
E xtraction  o f O rganic Acids by Ion-P a ir Form ation w ith  Tri-n-O ctylam ine.
P a rt V. Simultaneous Determ ination o f Synthetic Dyes, Benzoic Acid, Sorbic Acid, 
and Saccharin in  Soft D rinks and Lemonade Syrups

MARC L. PUTTEMANS, LOUIS DRYON, and DÉSIRÉ L. MASSART
V r i j e  U n i v e r s i t e i t  B r u s s e l ,  P h a r m a c e u t i c a l  I n s t i t u t e ,  L a a r h e e k l a a n  1 0 3 ,  B - I 0 9 0  B r u s s e l s ,  B e l g i u m

Synthetic dyes, benzoic acid, sorbic acid, and saccharin are extracted 
simultaneously from soft drinks with 0.01M tri-n-octylamine at pH =
5.5 and are back-extracted to an aqueous phase with 0.1M sodium 
perchlorate. The perchlorate solution is injected directly into the reverse 
phase liquid chromatographic system which permits the separation of 
all the substances investigated. Forty-six commercial samples of soft 
drinks and 11 lemonade syrups were analyzed. All samples conformed 
to the legal prescriptions.

The Belgian food legislation, as well as others, regulates the 
use of food additives. In addition to the generally applied 
principle of positive lists, Belgian legislation has also pre
scribed the maximum amount allowed for a given additive in 
a given foodstuff. The legislation on food additives contains 
a chapter for each group of foods and enumerates the various 
permitted additives. An analytical method which would enable 
the simultaneous determination of different classes of addi
tives should be of great value for the routine control of vic
tuals.

As described in previous papers (1,2), food dyes are quan
titatively extracted by ion-pair formation with tri-«-octylam- 
ine (TnOA). Identification and determination are possible by 
direct chromatograpny of the extract or after a back-extrac
tion to an aqueous phase (3). Both thin layer chromatography 
(TLC) (3) and ion-pair liquid chromatography (LC) (3,4) have 
been used. Many authors have described the determination 
of preservatives and saccharin by LC. Some papers describe 
the quantitation of scrbic acid (5 ,6 ), mixtures of benzoic acid 
and sorbic acid (7, 8 ) saccharin (9), or mixtures of all or some 
of these compounds (10-12). Various cleanup procedures 
such as direct injection after filtration (5, 8 , 11), steam distil
lation (5, 7), acid extraction (9), or Extrelut cleanup columns
(12) were used.

In this paper, the applicability of the TnOA extraction 
scheme, as it was used for dyes, is reported for preservatives 
and saccharin. It was applied to the analysis of commercial 
soft drinks and their concentrates. A subsequent paper will 
describe the determination of the same additives in a more 
complex foodstuff, e.g.. yogurt.

Experimental
A p p a r a t u s  a n d  R e a g e n t s

(a) C h r o m a to g r a p h .—Varian LC 5060, equipped with 
manual Valeo loop injector (loop size 100 |xL), standard Var
ian 254/280 nm UV detector (eluates were monitored at 254 
nm), and 250 x 4 mm id RP-18 (Lichrosorb) column from 
Merck. 10 pm octadecyl silica. Integrations were done using 
a Varian Vista CDS 401.

(b) p H  m e t e r . — Orion Ionalyzer 601 and combined glass 
electrode.

(c) S p e c t r o p h o t o m e t e r —  Perkin Elmer Hitachi 200 with 10 
mm quartz cells.

(d) U l t r a s o n ic  b a t h . — Branson Model B32.
Received November 3. 1983. Accepted March 14, 1984.

(e) M o b i l e  p h a s e . — Mobile phases were prepared by LC 
system. The apparatus was equipped with 2 bottles: The first 
contained methanol and the second contained buffer. Buffers 
for LC were filtered through a 0.45 pm (Millipore) filter.

(f) S t a n d a r d s . — D y e s  were obtained from P. Entrop 
(Machelen, Belgium). Potassium sorbate, methyl-p-hydroxy- 
benzoate (commonly referred to as nipagin), ethyl-p-hydroxy- 
benzoate, and propyl-p-hydroxybenzoate (also referred to 
as nipazol) were obtained from Fluka (Buchs, Switzerland). 
Sodium saccharin was obtained from B.D.H. (Poole. Eng
land); sodium benzoate, citric acid, and caffeine were obtained 
from Merck (Darmstadt, GFR).

(g) S t o c k  s o l u t i o n s .— S t o c k  s o lu t i o n  A: 1 g sodium ben- 
zoate/L; s t o c k  s o lu t i o n  B :  1 g potassium sorbate/L: s t o c k  
s o lu t i o n  C :  1 g sodium saccharin/L. All stock solutions were 
prepared in double distilled water, dilutions were made in 
phosphate buffer (pH = 5.5; ionic strength = 0.1).

(h) T r i - n - o c t y l a m in e .—Aldrich Europe (Beerse, Belgium).
(i) B u f f e r s .—Composition for 2 L and ionic strength 0 .1 :

pH = 7.0 5.780 gNaH2P04.H ,0 9.380 g Na2HP04.2H,0
pH = 5.5 24.650 g NaH:P04.H;0  1.260 g Na2HP04.2H:0
pH = 4.5 0.9 mL IM H,P04 27.598 g NaH;P04.H20
pH = 4.0 3.2 mL IM H,P04 27.598 g NaH;P04.H:0
pH = 3.0 32.0 mL IM H,P04 27.598 g NaH2P04.H:0
(j) S o l v e n t s .—Methanol was LC grade from Merck; all 

other reagents and solvents were analytical grade from Merck.
(k) C e llu lo s e  T L C  p l a t e s .—Layer thickness 0.1 mm (Merck).

E x t r a c t i o n s
(a) F r o m  a q u e o u s  s o l u t i o n s .—Ten mL 10 mg/L solution 

of the analyte, in phosphate buffer with pH 5.5 and ionic 
strength 0.1, was shaken 30 min with 10 mL 0.1 or 0.01M 
TnOA solution in chloroform in a stoppered 30 mL centrifuge 
tube. After phase separation by centrifugation. 7 mL chlo
roform layer was transferred to a second centrifuge tube and 
shaken 30 min with 7 mL 0.1M sodium perchlorate. Concen
tration of analyte in the aqueous phase was measured by 
photometry.

All extractions were performed with aqueous and organic 
phases which had previously been saturated with one another 
by shaking equal volumes (ca 400 mL) of phosphate buffer 
(pH = 5.5; ionic strength = 0.1) and 0.01 M TnOA solution 
in chloroform for 10 min at room temperature.

(b) F r o m  s p i k e d  s a m p l e s . — ( I ) S p ik in g  o f  s o f t  d r i n k s .— 
Benzoate: 1, 5, and 10 mL stock solution A were diluted to 
100 mL with blank soft drink; sorbate: 1,2.5, and 5 mL stock 
solution B were diluted to 100 mL with blank soft drink: 
saccharin: 1, 2.5. 5. and 10 mL stock solution C were diluted 
to 100 mL with a blank soft drink.

<2) E x t r a c t i o n .—Lemonade syrups: 10 g was diluted with 
water to 100 mL. Soft drinks were degassed prior to analysis 
by ultrasonication (15 min at room temperature). Five mL 
degassed soft drink or diluted lemonade syrup was mixed in 
a centrifuge tube with 5 ntL phosphate buffer (pH = 5.5 and 
ionic strength 0.5); the pH was controlled and, if necessary.



PUTTEMANS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 57, NO. 5, 1984) 881

Table 1. Retention times as function of mobile phase methanol content*

Compound

Methanol content

Ionic strength = 0.1 Ionic strength = 0.01

35% 30% 50% 40% 35% 30%

Benzoic acid 4.81 6.18 2.92 3.50 4.16 5.09
Sorbic acid 5.83 8.06 3.15 3.91 4.67 5.98
Saccharin 4.93 7.28 2.80 3.58 4.50 6.24
Tartrazine 9.80 30.46 2.00 3.53 4.57 7.17
Nipagin 14.0
Nipazol 30 5.27 3.40 17.09 24.02
Caffeine 4.02 5.80 5.15-

*Methano!-phosphate buffer, pH 7.0, containing 0.005M tetrabutylammonium phosphate.

adjusted to 5.5 ± 0.1 with 2M sodium hydroxide. The extrac
tion was performed with 10 mL 0.01 M TnOA solution in 
chloroform. After phase separation, 7 mL organic phase was 
transferred to a second tube and extracted with 7 mL 0.1M 
sodium perchlorate. The aqueous phase was injected into the 
LC system for analysis.
A n a l y s i s  o f  C o m m e r c i a l  S a m p l e s

(a) E x t r a c t i o n .—Commercial samples were extracted by 
the procedure given above for spiked samples.

(b) I d e n t i f i c a t i o n .—Extracted analytes were identified by 
their retention times, dyes were identified also by TLC on 
cellulose TLC plates with ethyl acetate-n-propanol-ammo- 
nia-water(35 + 35 + 20 + 20) as mobile phase. This system 
was described earlier (2, 3).

(c) C a l i b r a t i o n .—Calibration curves were constructed by 
plotting area of the LC peak vs concentration of the standards 
(0-50 mg/L). Amount of additive in the extracts was deter
mined by a curve-fitting program. The following calibration 
curves were obtained:

sorbic acid:
peak area = 253122 x concentration -  2605 

benzoic acid:
peak area = 9453 x concentration -  1236

saccharin:
peak area = 5930 x concentration -  1167

The correlation coefficients were 0.9997 or higher. The 
between-day variation of the slopes was less than 2% for the 
3 compounds investigated ( N  = 4).

Results and Discussion
S e p a r a t i o n  o f  F o o d  A d d i t i v e s  b y  L C

A reverse phase system was chosen with the aim of simul
taneously determining as many additives as possible. Several 
papers describe the determination of benzoic acid and sorbic 
acid (5-8), saccharin (9), or mixtures of these compounds 
(10-12) by reverse phase LC. Conditions for optimization of 
the LC system for dye analysis were chosen as the starting 
point. Dyes were separated on an RP-18 column, the mobile 
phase was composed of a mixture of methanol and phosphate 
buffer with pH = 7 (2-4), and 0.005M tetrabutylammonium 
was added to the mobile phase to increase retention of the 
hydrophilic solutes. Table 1 gives results of the experiments 
done with this system. Even with methanol concentrations 
as low as 30%, no satisfactory separations can be obtained 
for benzoic acid, sorbic acid, and saccharin. The use of a 
more dilute buffer, which should increase the effect of the 
counter ion (13), results in lower retention times but with no 
increased selectivity (Table 1). It is, however, interesting to 
note that the more dilute buffer results in a different elution 
order. Use of the more dilute buffer is especially convenient

for the chromatography of p-hydroxybenzoic acid esters 
(nipagin and nipazol) and caffeine because their retention is 
markedly decreased.

Because the separations at pH = 7 were not successful, 
the pH of the mobile phase was decreased and the counter 
ion was left out. Attention was then focused on the separation 
of benzoic acid, sorbic acid, saccharin, and tartrazine. Tar- 
trazine was chosen because it is one of the early-eluting dyes. 
The retention times of a few other additives are given as well. 
Benzoic acid and sorbic acid are not resolved at pH 3.0, nor 
are they resolved with 20% or 50% methanol (Table 2). The 
acid dissociation constant of benzoic acid is 4.2, and that of 
sorbic acid, 4.7 (14). Both acids are highly undissociated at 
pH 3.0, and the compounds are not separated. This means 
that the undissociated acids have an equal distribution con
stant between the mobile phase and the hydrophobic chro
matographic support. Furthermore, the fully dissociated acids, 
which are formed at a pH of 7, are not separated either. 
Therefore, the separation was then tried at intermediate pH 
values so that the acids are partially dissociated. Table 2 gives 
the results of experiments carried out at pH 4.0 and 4.5. The 
data indicate tha:, with a methanol concentration of 30%. 
satisfactory separations can be obtained both at pH = 4.0 
and 4.5. At pH 4.5, the separation is achieved in a shorter 
time; this is important for additives like caffeine and nipazol 
which have rather high retention times. Under these pH con
ditions, the separation of benzoic acid, sorbic acid, saccharin, 
and tartrazine is also quite successful. All further analyses 
were carried out with mobile phases composed of a phosphate 
buffer of pH 4.5.

The combination of the RP-18 column with an eluant com
posed of methanol and a pH 4.5 phosphate buffer is very 
powerful. Various groups of additives can be separated. Fig
ure 1 shows the separation of synthetic dyes (tartrazine, 
amaranth, sunset yellow, and cochenille red), preservatives 
(citric acid, benzoic acid, sorbic acid, and methyl, ethyl, and 
propyl esters of p-hydroxybenzoic acid), and flavorings (sac
charin and caffeine). To obtain a satisfactory separation in 
an acceptable time, however, a methanol gradient is required.

E x t r a c t i o n
A  former paper (15) demonstrated that it is preferable to 

extract with 0.01M TnOA instead of 0.1 M where extraction 
yields are less than 100%. Table 3 shows that back-extraction 
with 0.1M sodium perchlorate is more efficient when lower 
TnOA concentrations are used, as it provides higher overall 
yield. When different concentrations of sórbate, benzoate, 
and saccharin were extracted, it was observed that the extrac
tion yield was higher with higher analyte concentrations (Table
4). This is especially evident for sorbic acid and saccharin 
but less so for benzoic acid. The mean extraction recovery 
was calculated for quantitative analysis, and the results were
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Table 2. Retention times (min) as function of pH and mobile phase methanol content”

Methanol content

pH = 3.0 pH = 4.0 pH = 4.5

Compound 50% 20% 50% 30% 50% 30%

Benzoic acid 4.51
Sorbic acid 4.61
Saccharin 2.25
Tartrazine 2.26
Nipagin 4.43
Nipazol 9.23
Caffeine 3.93

20.0
20.0
3.68
4.65

3.79
4.08
4.29
1.95

7.84
9.84

3.24
3.77

6.43
8.54
3.55 
2.47

3.68 9.34

“Methanol-phosphate buffer (ionic strength 0.1).

3

0  5  1 0  1 5  2 0  2 5  m in

Figure 1. Separation of various food additives
Gradients listed under A p p ara tu s  a nd  Reagents. (1) citric acid, (2) sac

charin, (3) tartrazine, (4) amaranth, (5) benzoic acid, (6) sunset yellow, (7) 
cochenille red, (8) sorb c acid, (9) caffeine, (10) p-hydroxybenzoic acid 
methyl ester, (11) p-hyd'oxybenzoic acid ethyl ester, (12) p-hydroxyben- 
zoic acid propyl ester.

Gradient profile: t = C min: 30% methanol; t = 5 min: 30% methanol; t 
= 15 min: 60% methanol; t = 22 min: 60% methanol; t = 30 min: 30% 

methanol.

multiplied by the following factors: benzoate 1.25, sorbate 
1.40, and saccharin 1.50.

The increase in extraction yield as a function of analyte 
concentration might be due to the occurrence of side reac
tions such as the formation of adducts or aggregates. Benzoic 
and sorbic acids (both at the 25 mg/L level) were extracted 
alone and together to investigate whether the co-extraction 
of one acid influences the yield obtained for the other. The 
recoveries ( N  = 6) were sorbate alone 65.1% ( ± 2.5), sorbate 
in a mixture with benzoate 65.3% (±  1.8), benzoate alone 
80.2% (±  3.0), and benzoate with sorbate 80.3% (±  3.7). 
These data indicate that recoveries of either acid were not 
influenced by the presence of the other.

Table 4 shows data for extraction of spiked soft drinks. At 
the 50 mg/L level, recoveries were equal to those for aqueous 
solutions. It is essential to control the pH of the extracting 
medium. In fact, some very acidic soft drinks were not buff
ered at pH 5.5 even with the concentrated buffer (ionic strength

Table 3. Overall extraction yield (%) from buffered aqueous solutions: 
extraction with different TnOA concentrations, back-extraction with 

0.1 M sodium perchlorate (Initial concentration: 50 mg/L)“

Compound

TnOA concentration

0.1 M 0.01 M

Benzoic acid 65.5 ± 1.6 78.0 ± 2.6
Sorbic acid 68.5 ± 1.4 81.5 ± 3.0
Saccharin 23.2 ± 0.1 71.0 ± 3.0

•N  = 3.

Table 4. Extraction (%) from spiked lemonades: extraction with 0.01 M 
TnOA, back-extraction with 0.1 M sodium perchlorate”

Concn, mg/L Benzoic acid Sorbic acid Saccharin

10 77.9 ± 4.1 65.6 ± 1.1 60.6 ± 1.3
25 — 68.1 ± 0.9 68.1 ± 1.9
50 78.2 ± 2.6 81.7 ± 0.8 70.1 ± 3.6100 82.8 ± 3.3 — 71.0 ± 3.4

"N  =  3.

0.5). When the pH is lower than 5.5, ion-pair formation is 
reduced in favor of the liquid-liquid distribution of the acid 
analytes. This results in a lower extraction yield but, above 
all, in an inefficient back-extraction with perchlorate.

With this experimental scheme, the detection limits, given 
by the lowest concentration that was still detected as a peak 
by the integrator (signal-to-noise ratio = 2,0.01 AUFS), were 
0.1 mg/L for benzoic acid and saccharin. For sorbic acid, the 
determination limit is much lower, i.e., 0.005 mg/L, than that 
for benzoic acid and saccharin because of the higher specific 
absorption of sorbic acid.

Other additives such as nipagin, nipazol, and caffeine are 
also extracted quantitatively from buffered solutions with 
0 .1M TnOA. At pH = 5.5, neither of these compounds is 
present as an anion, which indicates that their extraction is 
based on a simple liquid-liquid distribution. Consequently, 
they cannot be back-extracted with perchlorate, and they 
should be determined directly in the chloroform phase (not 
attempted yet). Earlier papers (3, 16) showed that it is pos
sible to identify analytes (extracted as ion pairs with TnOA) 
directly in the chloroform extract by evaporating the chlo
roform and redissolving the residue in ethanol, which is then 
injected into the LC system. The identification is then based 
on the comparison of retention times of the unknown sub
stances (injected as ion pairs) with standards injected as 
aqueous solutions. It was observed, however, that the repeated 
injection of such extracts causes a gradual peak distortion 
due to the adsorption of TnOA by the hydrophobic stationary 
phase. Rinsing the column regularly with ethanol restores the 
initial separation efficiency.
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Table 5. Results fo r commercial soft drinks

N o. N o.
A m o u n t s ,  m g /L*

o f f re e  of S o r b ic B e n z o ic
S o f t  d r in k  s a m p le s a d d it iv e s a c id a c id S a c c h a r in D y e s 6

O r a n g e  14 7 20 ___ ___ _
— 10 — —

— 3 0 — —

— 4 0 — —

10 3 0 — —

10 — — E 1 0 2  +  E 1 1 0
— — — E 1 0 2  +  E 1 1 0

L e m o n  14 7 2 0 ___ ___ ___

3 0 — — —

— 2 0 — —

— 3 0 — —

— 5 0 — —

10 — — E 1 0 2  +  E 1 1 0
10 — 3 5 E 1 0 2

C o la  6 6 — — —
V a r io u s  12 8 9 0 — — —

— 4 0 — —
— 8 0 — —

— — — E 1 2 4

M a x im u m  le v e ls  (m g /L) 100 100 7 5

*(— ) N o t d e t e c t a b le .
" E 1 0 2  =  t a r t r a z in e  =  F D & C  Y e l lo w  N o . 5  =  C .I .  N o . 1 9 1 4 0 .

E 1 1 0  =  s u n s e t  y e l lo w  =  F D & C  Y e l lo w  N o . 6  = C .I .  N o . 1 5 9 8 5 .
E 1 2 4  =  c o c h e n i l le  re d  =  C .I .  N o . 1 6 2 5 5  =  p o n c e a u  4 R .

T a b le  6. R e s u l t s  f o r  c o m m e r c ia l  le m o n a d e  s y r u p s  (m g /k g )*

F r u it  s y r u p M a n u f.
S o r b ic

a c id
B e n z o ic

a c id S a c c h a r in D y e s

S t r a w b e r r ie s A ___ ___ ___ —
B 2 5 — — —

R e d  b e n i e s B 3 6 134 — —
B la c k b e r r ie s A — — — —

B 4 0 — — —
O r a n g e B 3 0 — — —
L e m o n B 2 0 6 0 — —

C 2 0 8 0 — .---
A p p le C 48 6 0 — —
G r a p e f r u it A 20 — — —
A n is e A — — — —
M a x im u m  le v e ls  (m g /k g ) 2 5 0 2 5 0 0 5 0 0 °

*(— ) N o t d e t e c t a b le .
6T o t a l o f  s y n t h e t ic  a n d  n a t u r a l d y e s ;  s p e c i f i c  d y e s  h a v e  t h e ir  o w n  m a x im u m , e .g . ,  t a r t ra z in e  1 0 0  m g /kg .

Analysis o f  Samples
All sam ples were analyzed follow ing the sam e m ethodol

ogy. Although som e sam ples could have been analyzed by 
direct injection into the LC system , they were also extracted  
to protect the analytical column. Furthermore, the same method 
will also be tested  for the analysis o f  more com plex, solid 
foods.

Forty-four soft drink sam ples and 11 lem onade syrups were 
analyzed. The follow ing additives were determined: synthetic 
d yes, benzoic acid, sorbic acid, and saccharin. D yes were 
identified but not quantitated because their concentrations 
are not limited in Belgium  by legal prescriptions.

Fourteen sam ples o f  orange soft drinks were analyzed; 7 
of these contained no additives. Table 5 gives results for the 
other 7 sam ples. Three sam ples contained sorbic acid (10-20  
mg/L), one o f these contained a mixture o f benzoic acid (30 
mg/L) and sorbic acid (10 mg/L). Only 2 orange soft drinks 
contained synthetic dyes; in both cases, this was a mixture 
o f  tartrazine (E102, FD& C Y ellow  N o . 5) and sunset yellow  
(E110, FD&C Y ellow  N o . 6). One o f these sam ples also  
contained 10 mg/L o f  sorbic acid.

Fourteen sam ples o f  lem on soft drinks were also analyzed; 
7 o f these were devoid o f  additives (Table 5). B enzoic acid

was found in 3 sam ples (20-50 m g/L), and sorbic acid was 
present in 2 others (20 and 30 mg/L). One sample contained  
10 m g/L o f  sorbic acid as well as tartrazine and sunset yellow . 
The orange and lem on sam ples which contained sorbic acid 
+  tartrazine +  sunset yellow  were from the sam e m anufac
turer. Only one soft drink sam ple contained saccharin (35 
m g/L), together with sorbic acid (10 mg/L) and tartrazine.

Six co la  sam ples, all from different manufacturers, were 
all free o f  preservatives and saccharin (Table 5). In 12 other 
soft drink sam ples, 2 contained benzoic acid (40 and 80 mg/ 
L ), and another contained 90 mg/L o f  sorbic acid. Only one 
sam ple (a grenadine) was colored; cochenille red w as found. 
Therefore, 28 o f  the 46 soft drink sam ples contained none o f  
the additives investigated, and all other sam ples were under 
the im posed maximum concentrations. Figure 2 show s chro
matograms from 3 soft drinks. The retention tim es (min) o f  
the various additives in the system  used (20% methanol) are 
citric acid 2.0; saccharin 3.5; tartrazine 4.9; amaranth (E123, 
formerly FD& C Red N o . 2) 7.8; benzoic acid 8.5; sunset 
yellow  9.5; cochenille red A  (E124, C.I. 16255) 12.1; and 
sorbic acid 13.9.

E leven  different com m ercial lem onade syrups were ana
lyzed; Table 6 gives the results. Only 3 sam ples, all from the
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1

Fig. 2a

1

Figure 2. Chromatograms obtained for soft drink extracts (mobile phase: methanol-phosphate buffer pH = 4.5 (20 + 80)).
2 a :  (1) t a r t r a z in e , (2) s u n s e t  y e llo w , (3) s o r b ic  a c id ;  2 b : (1) s a c c h a r in ,  (2) 

t a r t r a z in e , (3) s o r b ic  a c id ;  2 c :  (1) t a r t r a z in e , (2) s u n s e t  y e llo w .
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same manufacturer, were free o f  additives. All 5 samples 
from another manufacturer contained sorbic acid or a mixture 
o f  sorbic and benzoic acids. All sam ples com plied with the 
legislation for additives.
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Liquid Chromatographic Determination of Acetic Acid in Foods
SAM Y H. A SH O O R and JIM  W ELTY
A r i z o n a  S t a t e  U n i v e r s i t y ,  D i v i s i o n  o f  A g r i c u l t u r e ,  T e m p e ,  A Z  8 5 2 8 7

A liquid chromatographic (LC) method has been developed for the 
determination of acetic acid in vinegar and other foods. The LC system 
includes an Aminex HPX-87H column and a UV detector set at 210 
nm. The mobile phase is 0.009N H2S04 at a flow rate of 0.7 mL/min. 
The method is simple and specific for acetic acid. Recoveries of acetic 
acid from a variety of products ranged from 93.3 to 102% with coef
ficients of variation from 2.4 to 4.6%.

A cetic acid is one o f the earliest used and m ost com m on food  
acidulants. It is the major organic acid in vinegars and is 
among the organic acids present in many naturally fermented  
foods. A cetic acid, in the form o f  vinegar, is used in manu
facturing many food products such as sour and sw eet pickles, 
m ayonnaise and salad dressings, mustards, various sauces, 
and ketchups. The quantitative determination o f  acetic acid 
in such food products is important because the acid content 
affects the quality and conform ity to food regulations.

The present m ethods for the determination o f acetic acid 
in foods involve distillation and titration with a base (1), gas 
chromatography o f the derivatized acid (2), or liquid chro
matography (LC) (3, 4). H ow ever, these m ethods either lack 
specificity or require a number o f  sample preparation steps. 
The main objective o f  this study was to develop a sim ple, 
specific, and versatile LC m ethod for the quantitative deter
mination o f  acetic acid in food products.

Experimental
A p p a r a tu s

(a) L iq u id  c h r o m a to g r a p h —  W aters A ssociates, equipped 
with M odel 6000A pump, M odel U 6K  injector, and data m od
ule (Waters A ssocia tes, M ilford, M A 01757).

(b) D e te c to r .—Gilson M odel 222 (Gilson M edical E lec
tronics, M iddleton, WI 53562), set at 210 nm, and 0.10 sen 
sitivity unit.

(c) L C  c o lu m n .—300 x  7.8 mm Am inex H PX-87H with 
Micro-Guard ion exclusion  cartridge (Bio-Rad Laboratories, 
Richm ond, CA 94804).

Received December 6, 1983. Accepted March 22, 1984.

(d) C entrifu ge.—Sorvall M odel RC-5 with rotor N o . SS- 
34 (DuPont C o ., N ew ton , CT 06470).

(e) B lender.— Waring.
Reagents

(a) L C  w a te r — Pass distilled, deionized water through 0.45 
p,m filter membrane.

(b) L C  m obile p h a se .—0.009N H 2S 0 4. Prepare in LC water.
(c) D isodiu m  eih ylen ed iam in ete traace ta te  (EDTA) solu 

tion .—1%. D isso lve 1 g ED T A  (A C S, Fisher Scientific Co.) 
in 100 mL LC water.

(d) A ce tic  a c id  s to ck  solu tion .—Pipet 5 mL concentrated  
glacial acetic acid into a 100 mL volum etric flask and dilute 
to volum e with LC water. Titrate a 10 mL aliquot o f solution  
with standardized IN  N aO H , using phenolphthalein as indi
cator. Calculate concentration o f  acetic acid in solution (mg/ 
mL).

(e) A ce tic  ac id -E D T A  sta n d ard  so lu tion .—Pipet 5 mL of  
solution (d) into 100 mL volum etric flask, add 5 m L EDTA  
solution, and dilute to volum e with LC water.
Sample Preparation

(a) L iqu ids.— Filter through Whatman N o . 1 paper if  nec
essary. Pipet proper volum e (2 mL vinegar, 15 m L pickles 
brine) into 50 m L volum etric flask, add 2.5 mL EDTA solu
tion, and dilute to volum e with LC water. Refrigerate until 
LC analysis.

(b) Solids an d  sem iso lid s .—Blend appropriate w eight (10 -  
20 g) with 50 m L water for 3 min. Filter or centrifuge-blend  
at 10 000 rpm for 10 min. W ash sedim ent with 10 m L water, 
recentrifuge, and com bine wash with supernate. Transfer 
filtrate or supernate to 100 mL volum etric flask, add 5 mL 
E DTA solution, and dilute to volum e with LC water. Refrig
erate until LC analysis.
LC Analysis

Set flow  rate at 0.7 mL/min and inject 10 p.L acetic ac id -  
ED T A  standard solution into liquid chromatograph. Estab
lish retention tim e and peak area and calibrate data module
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Time, min Time, min
Figure 1. Chromatograms of distilled white vinegar (A) and mayonnaise (B). Arrow shows acetic acid peak. First peak in both A and B is EDTA.

Figure 2. Chromatograms of dill cucumber chips (A) and sweet pickles (B). Arrow shows acetic acid peak. First peak in both A and B is EDTA.

accordingly (external standard m ethod). Inject 10 p.L pre
pared sam ple solution and obtain amount o f injected acetic  
acid directly from calibrated data m odule. Calculate acetic 
acid content in g/100 m L for liquid sam ples and in g/100 g for 
sem isolid  and solid sam ples. Re-inject 10 p.L acetic ac id -  
E D T A  standard solution and recheck data module calibration 
at regular intervals.
Recovery Study

Add proper volum e o f acetic acid stock solution to sample 
so that acetic acid content o f  spiked sam ple approximately 
doubles. Prepare spiked sample and determine its acetic acid 
content as described previously. Calculate percent recovery.

Results and Discussion
The manufacturer o f  the LC colum n used in this study 

suggests avoiding the presence o f metal ions in the system  
for high colum n efficiency (5). EDTA is a good chelating agent 
and w as therefore added to sam ple solutions to a final con
centration o f  0.05% to m ask any metal ions present. EDTA  
did not affect the response o f  acetic acid as reported previ
ously with ascorbic acid (6), but it was essential for main
taining colum n efficiency and obtaining reproducible results. 
The ED T A  peak has a shorter retention time (5.6 min) than 
that o f acetic acid (13.9 min) and does not interfere with the 
quantitative determ ination o f acetic acid. R esponse was lin
ear over a range o f  1-100 p.g acetic acid in the presence o f

Table 1. Acetic acid content of vinegars
S a m p le A c e t ic  a c id ,  g /1 0 0  m L s cv, %

R ic e  v in e g a r 3 .8 8  ± 0 . 1 8 4 .6
T a r r a g o n  v in e g a r 4 .6 0  ± 0 . 1 5 3 .3
W in e  v in e g a r 4 .6 7  ± 0 . 1 2 2 .6
D is t i l le d  w h it e  v in e g a r 4 .7 2  ±  0 .1 8 3 .8
A p p le  c id e r  v in e g a r 4 .9 7  ±  0 .2 3 4 .6

■ A verag e  o f  6  d e t e r m in a t io n s ±  S D .

Table 2. Acetic acid content of pickles and brines
S a m p le A c e t ic  a c id  c o n t e n t “ C V ,  %

S p a n is h  o l iv e s 0 .3 6 2 ± 0 .0 1 4 3 .9
S p a n is h  o l iv e s  b r in e 0 .5 7 0 ± 0 .0 1 7 3 .0
D ill c u c u m b e r  c h ip s 0 .4 9 4 ± 0 .0 1 6 3 .3
D ill c u c u m b e r  c h ip s  b r in e 0 .5 6 0 0 .0 2 6 4 .7
S w e e t  p ic k le s 1 .0 4 2 ± 0 .0 4 6 4 .4
S w e e t  p ic k le s  b r in e 1 .3 9 5 ± 0 .0 5 7 4.1
H o t c a u l if lo w e r 1 .0 8 9 ± 0 .0 3 0 2 .8
H o t c a u l i f lo w e r  b r in e 1 .3 1 3 ± 0 .0 4 5 3 .5
C o c k t a i l  o n io n s 1 .4 5 5 ± 0 .0 3 8 2 .6
C o c k t a i l  o n io n s  b r in e 1 .5 7 5 ± 0 .0 4 3 2 .8
H o t p e p p e r  r in g s 1.561 ± 0 .0 3 8 2 .5
H o t p e p p e r  r in g s  b r in e 2 .14 1 ± 0 .0 9 0 4 .2
D ill r e l is h 0 .4 5 2 ± 0 .0 1 4 3.1
S w e e t  re l is h 0 .7 2 5 ± 0 .0 1 5 2.1

•A v e r a g e  o f  6  d e t e r m in a t io n s  ±  S D .  P ic k le s ,  g /1 0 0  g ; b r in e s ,  g /1 0 0  m L .

Table 3. Acetic acid content of various products
S a m p le A c e t ic  a c id ,  g /1 0 0 g “ C V ,  %

M a y o n n a is e 0 .2 2 5 ±  0 .0 0 7 3.1
S a la d  d r e s s in g 0 .7 2 0 ±  0 .0 2 5 3 .4
K e t c h u p 0.91 1 ±  0 .0 4 5 4 .9
B a r b e c u e  s a u c e 0 .9 3 4 ±  0 .0 4 3 4 .6
S t e a k  s a u c e 2 .0 4 8 ±  0 .0 5 0 2 .4
M u s ta rd 2 .6 0 7 ±  0 .0 8 2 3 .2

“A v e r a g e  o f  6  d e t e r m in a t io n s  ±  S D .

Table 4. Recovery of acetic acid from various products
S a m p le R e c o v e r y ,  %■ C V ,  %

D is t i l le d  w h it e  v in e g a r 1 0 0 .8  ±  2 .4 2 .4
S p a n is h  o l iv e s 9 5 .5  ±  4 .4 4 .6
S p a n is h  o l iv e s  b r in e 9 5 .4  ±  3 .8 4 .0
D ill c u c u m b e r  c h ip s 9 3 .3  ±  2 .3 2 .5
D ill c u c u m b e r  c h ip s  b r in e 9 5 .5  ±  2 .8 2 .9
D ill r e l is h 1 0 0 .2  ±  3 .2 3 .2
M a y o n n a is e 9 7 .6  ±  2 .6 2 .7
B a r b e c u e  s a u c e 9 4 .5  ±  3 .2 3 .4
K e t c h u p 1 0 2 .0  ±  2 .4 2 .4
M u s ta rd 101 .1  ±  3 .4 3 .4

“A v e r a g e  o f  6  d e t e r m in a t io n s  ±  S D .

0.05% ED T A . The results indicate that the m ethod is sensi
tive and as little as 1 pig acetic acid (equivalent to 0.01%  
acetic acid content) can be determined reliably by the method.

A cetic acid w as resolved as a single peak in all food prod
ucts analyzed. Figures 1 and 2 show  typical chromatograms. 
Under the conditions used in this study, the peaks o f  citric, 
ascorbic, succin ic, lactic, form ic, and fumaric acids w ere well 
separated from the acetic acid peak; none o f  these acids 
interfered with the quantitation o f  acetic acid. The identity 
o f the acetic acid peak in the sam ples w as confirmed by its 
relative retention time (relative to ED T A  peak) and by spikipg 
various sam ples with known am ounts o f standard acetic acid. 
The acetic acid peak had a relative retention time o f 2.49 ±  
0.01 in all samples analyzed, and it was the only peak increased
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in area in spiked sam ples. The increase in area was always 
proportional to the am ount o f  standard acetic acid added.

Tables 1, 2, and 3 present results by LC for the acetic acid 
content o f vinegars, pickles and brine, and other food prod
ucts, respectively . W hen the acidity o f vinegars (as g acetic 
acid/100 mL) w as determ ined by titration with standardized  
0.1N  N aO H  and phenolphthalein indicator, the results were 
alw ays higher than were those obtained by the LC method. 
This indicated the presence o f  other titratable vinegar com 
ponents that are calculated as acetic acid, and em phasized  
the specificity o f  the LC m ethod for acetic acid.

The coefficients o f  variation for determination o f acetic  
acid content ranged from 2.1 to 4.9% (Tables 1-3), which 
indicates that the m ethod is precise. The recovery o f  acetic

acid from various spiked sam ples (Table 4) ranged from 93.3 
±  2.3 to 102 ±  2.£%, which indicates that the m ethod is also 
accurate.
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FERTILIZERS
Potassium Interferences in Flame Emission Method for Determining Sodium in Fertilizers
L U IS F. CO RO M IN A S, RO BERTO A. NAVARRO, and R U BEN  J. LO PEZ
F e r t i l i z a n t e s  M e x i c a n o s ,  S . A . ,  S u b g e r e n c i a  d e  I n v e s t i g a c i ó n ,  C h ia p a s  N o .  1 8 4 , 0 6 7 6 0 , M e x i c o ,  D .F .

Several sodium concentrations ranging from 5.2 to 20 ppm at K:Na 
ratios ranging from 0 to 40 were studied to determine potassium inter
ferences in the AOAC official first action method, 2.147-2.150, for 
flame emission spectrophotometric (FES) determination of sodium in 
fertilizers. According to an analysis of variance performed with recov
eries of sodium in solution, potassium interference is the same at low 
(5.2 ppm) or high (20 ppm) sodium concentrations but is different when 
the K:Na ratio is changed. A Duncan test showed that potassium 
interference is equivalent only in the adjacent ratios studied (0, 1, 2, 
5, 10, 20, 40) and not for larger ranges. We obtained an average 
recovery of 98.8% using a calibration curve for a K:Na ratio from a 
preliminary determination with a calibration curve without potassium 
content. It is essential to know the potassium content of the sample to 
enable preparation of a calibration curve for correction. We recom
mend a collaborative study of NPK samples to determine whether to 
modify the FES method.
A com parison o f 3 m ethods for determining sodium  in fertil
izers (1, 2) show ed the best to be the atom ic absorption 
spectrophotom etric (AAS) and flame em ission spectropho
tom etric (FE S) m ethods because they were equivalent in 
accuracy and precision. In a collaborative comparison of 
these 2 m ethods (3), their equivalence was dem onstrated, 
and the AA S m ethod w as adopted official first action. The 
study also showed that sam ples containing potassium  gave 
higher results by the FES method than by the AA S method. 
Further study w as recom m ended to determine the impor
tance o f the interference and to develop a procedure to elim 
inate it. In the present work, 2 aspects related to the problem  
are studied: the K :N a ratio at which potassium  begins to 
affect sodium  results, and a test o f  calibration curves con
structed in the presence o f potassium  when determining 
sodium , so that the influence on the results due to potassium  
interference can be corrected by the method.

Experimental
M eth o d

See 2 .147-2 .150  (4).
A pp a ra tu s

F la m e  p h o to m e te r .— Corning, M odel 400, with optical fil
ter o f 589 nm and natural gas used as fuel.
P rocedu re

Sam ples were prepared with sodium  and potassium  chlo
rides (analytical grade) o f known contents within limits spec
ified later. N o N PK  sam ples were used.

To becom e familiar with the method and to determine the 
magnitude o f the potassium  interference, we made som e pre
liminary tests with solutions having K :Na ratios o f 80 and 80 
ppm N a. R ecoveries were 130% and greater. Therefore, we 
decided to use sam ple solutions with sodium concentrations 
ranging from 5.2 to 20 ppm and K :Na ratios ranging from 0 
to 40. W e chose those values because they are the most 
com m on in N PK  sam ples. A lso , in the preliminary tests, we 
detected several variations in recovery for the sam e sodium

Presented at the 97th Annual International Meeting of AOAC, October 3- 6, 1983, at Washington, DC.Received October 14, 1983. Accepted February 27, 1984.

contents. To assure that those differences were due only to 
potassium influence and not to the apparatus and/or the AOAC  
method itself, solutions with sodium concentrations and K :Na  
ratios specified above were prepared and each one w as read 
5 tim es. A calibration curve was generated with the average 
o f single readings o f  solutions with zero ratios and w as used  
to determ ine recovery for the others; Table 1 show s average 
recoveries and their standard deviations.

After treating the data statistically and reaching prelimi
nary conclusions, we added a few  more steps to the official 
m ethod to correct sodium results, making it a requirement to 
know the approximate potassium  content in the sample.

To test the modified procedure, we prepared 4 solutions 
with theoretical contents o f 5.2, 10, 15.2, and 20 ppm N a and 
I, 10, 20, and 40 K :N a ratios, respectively.

Sam ples were analyzed by the official method for sodium  
content (higher than theoretical) and, from the known potas
sium contents, K :N a ratios were calculated. N ew  calibration 
curves were prepared and sample solutions were read again. 
U sing their respective corrected calibration curves, N a con
tents were again calculated.

Results and Discussion
In Table 1, the standard deviation represents variations 

due to the apparatus and/or the m ethod itself. The zero K :N a  
ratio represents the calibration curve, and it is evident that 
absorbance variations remain within a certain range. R ecov
eries at this ratio are affected primarily by this absorbance 
variation, which does not show any bias.

Results in Table 1 show that the higher the K :N a ratio, the 
greater the interference due to potassium . This is m ost clear 
in solutions at 5.2 ppm Na; those recoveries vary from 99.23 
to 111.54%. Solutions with 15.2 ppm N a did not follow  a 
regular pattern. For ratio values o f unity, potassium  interfer
ences and variations, or ‘'n o ise ,” seem  to be the same; this 
is not true for other ratios values.

An analysis o f variance (ANO VA) was carried out with the 
single values from Table 1 to determ ine whether the increase 
in recovery w as statistically significant; Table 2 show s the 
results. F-ratio values show a significant difference betw een  
ratios, which m eans that recovery increases are not due only 
to variations observed in the first tests (0 ratios), but to 
potassium  influence. N o differences in recovery for each ratio 
and several sodium  concentrations were found.

A Duncan test (5) w as performed to determine whether all 
the studied ratios were different or whether som e o f them  
were equivalent; Table 3 show s results o f the test.

According to those results, adjacent K :N a ratios are equiv
alent. This allow s the use o f a new calibration curve for the 
FES m ethod with an approximate K :N a ratio to correct for 
sodium  contents in sam ples containing potassium . An aver
age recovery o f 98.8% was obtained using a calibration curve 
for a K :N a ratio from a preliminary determination with a 
calibration curve without potassium  content.

Table 4 presents sodium  contents obtained by using the 
official m ethod with the additional steps. It can be seen that 
corrected values and recoveries are in better agreement than
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T a b le  1. A v e r a g e  r e c o v e r ie s  (% )  a n d  s t a n d a r d  d e v ia t io n s  (5  v a lu e s )  fo r  

d if fe re n t  K :N a  r a t io s  a t  d if fe r e n t  s o d iu m  c o n c e n t r a t io n s ,  u s in g  F E S  
m e th o d

K :N a
ra t io

N a c o n te n t ,  p p m

5 .2 10 15 .2 2 0

0 A v. 9 9 .2 3 1 0 0 .4 0 1 0 1 .8 4 9 7 .0 0
S D 1 .7 2 1 .6 7 3 .3 0 1 .2 2

1 A v. 1 0 1 .9 2 1 0 2 .4 0 1 0 0 .1 3 1 0 3 .4 0
S D 0 .0 0 1 .5 2 1 .3 5 1 .8 5

2 Av. 1 0 2 .6 9 1 0 5 .8 0 1 0 0 .7 9 1 0 3 .9 0
S D 1 .0 5 2 .2 8 1 .9 9 2 .6 8

5 A v. 1 0 3 .8 5 1 0 5 .2 0 107.31 1 0 3 .3 0
S D 1 .3 6 1 .0 9 1 .95 1 .5 6

10 A v. 1 0 8 .0 8 1 0 6 .4 0 1 0 2 .6 3 1 0 3 .7 0
S D 2 .1 0 1 .6 7 1.61 1 .0 9

20 A v. 1 0 8 .8 5 1 0 8 .2 0 1 0 5 .7 9 1 0 5 .8 0
S D 2.91 1 .3 0 3 .3 0 2 .8 0

4 0 A v. 1 1 1 .5 4 1 0 9 .0 0 1 0 6 .8 4 1 0 6 .1 0
S D 0 .0 0 1 .2 2 0 .8 8 0 .8 9

T a b le  2 . A n a ly s i s  o f  v a r ia n c e  (5  in d iv id u a l  r e c o v e r ie s )  fo r  d if fe re n t  
K :N a  r a t io s  a t  4  d if fe r e n t  s o d iu m  c o n c e n t r a t io n s ,  u s in g  F E S  m e th o d

S o u r c e  of V a r ia n c e
v a r ia n c e D F S S M S ra tio P

B e t w e e n  c o n c n s 3 1 2 0 .5 4 0 .2 2 .2 0 3 .1 6
B e t w e e n  ra t io s 6 10 82 .1 1 8 0 .3 9 .9 0 2 .6 6

(K :N a )
C o n c n - r a t io 18 3 2 8 .0 1 8 .2 5 .4 1 .7 0

in t e r a c t io n
E r r o r 112 3 8 0 .7 3 .4
T o ta l 139 1 9 1 1 .3

“C r i t i c a l  v a lu e s  fo r  F at 9 5 %  c o n f id e n c e .

T a b le  3 . V a lu e s  o f  R p  ( le a s t  s ig n i f ic a n t  r a n g e  b e t w e e n  a  s e t  o f m e a n s )  a c c o r d in g  to  D u n c a n  t e s t  fo r  m e a n  r e c o v e r ie s  a t  s e v e r a l  K :N a  r a t io s

R a t io  K :N a  (p p m )

S t a t i s t ic 0 1 2 5 10 2 0 4 0

R e c o v e r y 9 9 .6 2 1 0 1 .9 6 1 0 3 .2 9 5 1 0 4 .9 1 5 1 0 5 .2 1 0 7 .1 6 1 0 8 .3 7
m e a n , % “

N o . o f m e a n s 2 3 4 5 6 7
fo r  a  s e t  

R p 2.31 2 .4 3 2.51 2 .5 7 2 .6 2 2 .6 6

“U n d e r l in e d  r e c o v e r ie s  a r e  e q u iv a le n t .

T a b le  4 . R e c o v e r i e s  o b t a in e d  fo r  o n e  r e a d in g  b y  F E S  m e th o d , u s in g  c a l ib r a t io n  c u r v e s  w ith o u t  a n d  w ith  p o t a s s iu m ,  fo r  4  d if fe r e n t  s o d iu m  c o n t e n t s

T h e o r e t ic a l  v a lu e s O b ta in e d  v a lu e s “ C o r r e c t e d  v a lu e s “

N a, p p m K , p p m K :N a  ra t io N a , p p m
N a, re e .,

%
K :N a  ra t io  
(a p p ro x .) N a , p p m N a  r e e ., %

5 .2 5 .2 1 5 .5 1 0 5 .7 7 1 5 .0 9 6 .9 5
1 5 .2 1 5 2 .0 10 16 .9 1 1 1 .1 8 9 15.1 9 9 .3 4
2 0 .0 4 0 0 .0 20 2 1 .7 1 0 8 .5 0 18 2 0 1 0 0 .0 0
1 0 .0 4 0 0 .0 4 0 11 .6 1 1 6 .0 0 34 10 1 0 0 .0 0

“W ith  c a l ib r a t io n  c u r v e  w ith o u t  p o t a s s iu m .  
“W ith  c a l ib r a t io n  c u r v e  c o n t a in in g  p o t a s s iu m .

the ones obtained using a calibration curve prepared in the 
absence o f  potassium , despite the fact that K :N a ratios used  
to make the new  calibration curves were computed inaccu
rately.

It is recom m ended that a collaborative study be done to 
confirm the conclusions reached by this work for NPK  sam 
ples. D epending on the collaborative study results, the AOAC  
official first action FES m ethod for determining sodium  in 
fertilizers may need m odification.
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Determination of Ammoniacal and Total Nitrogen in Fertilizers by Ammonia-Selective 
Electrode
ROBERTO A. NAVARRO and PEDRO ROJAS
F e r t i l i z a n t e s  M e x i c a n o s ,  S . A . ,  S u b g e r e n c i a  d e  I n v e s t i g a c i ó n ,  C h i a p a s  N o .  1 8 4 ,  0 6 7 6 0  M é x i c o ,  D . F .

A method was studied for determining ammoniacal nitrogen in fertil
izers by using an ammonia-selective electrode. Recovery for the method 
was evaluated with synthetic samples, and the method was also com
pared with the magnesium oxide method by analyzing 3 Magruder 
Check Samples. The method was adapted to determine total nitrogen 
in fertilizers by using the digestion procedure of the modified compre
hensive nitrogen method and eliminating metal interferences by form
ing soluble complexes with tartaric acid. Recovery was evaluated and 
a comparison with AOAC official methods was made by performing a 
f-test on results for 3 Magruder Check Samples. Recoveries were good 
for determinations of both ammoniacal and total nitrogen by the method 
described, and results were not significantly different from those for 
AOAC methods.

In previous experim ental work, B oy and Guijosa (1) studied 
the developm ent o f  a rapid m ethod for determining nitrogen 
in fertilizers by m eans o f  an am m onia-selective electrode 
(A SE ). This electrode has been successfu lly  used to deter
mine am m oniacal and urea nitrogen in several products such 
as fertilizers (2 -5 ), water and w astes (6), and sea water (7).

B oy and Guijosa avoided distillation in the ammoniacal 
nitrogen determ ination by making a direct measurem ent with  
the specific electrode. Performance time w as im proved com 
pared with that for the AO AC magnesium oxide (MO) method 
(2.065) (8), but som e results were significantly different.

Total nitrogen results were not so satisfactory, and distil
lation could not be avoided. The only change proposed was 
to substitute the final titration by an electrode measurem ent, 
with no im provem ent in results or performance time.

The main problem  in eliminating the distillation step in the 
total nitrogen determination w as the formation o f solids when  
sodium  hydroxide w as added. This addition is necessary to 
increase the pH  above 11, where the ammonium ion is trans
form ed to am m onia and detected by the electrode. These  
solids (hydroxides o f  m etals used as catalysts to reduce other 
form s o f  nitrogen to ammonium ions) obstructed the hydro- 
phobic gas-perm eable membrane o f the electrode and results 
were unreliable.

W e decided to continue this study, first, by testing the 
method for determining ammoniacal nitrogen. W e then planned 
to study elim ination o f the m etals used in the reduction diges
tion procedure, or alternatively, to find a way to keep these 
m etals in solution above pH  11 by forming a soluble com plex. 
This sam ple treatm ent could help eliminate distillation and 
permit determ ination o f total nitrogen after catalytic digestion  
without m etal interferences.

M ETHOD
A p p a ra tu s a n d  R eagen ts

( a )  A m m o n ia  e le c tr o d e .—Orion M odel 95-10 or equivalent
(9).

(b) p H /m V  m e te r .—With expanded millivolt scale capable 
o f 0.1 m V resolution betw een - 2 0 0  mV and + 20 0  m V, or 
specific ion m eter.

(c) M a g n e tic  s tirre r .—Thermally insulated, withTFE-coated  
stirring bar.

Presented at the 97th Annual International Meeting of the AOAC, Oct. 3- 6, 1983, at Washington, DC.
Received October 11, 1983. Accepted March 15, 1984.

(d) T a r ta r ic  a c id  s o lu tio n .— 10%. U se  tartaric acid crystals 
to prepare aqueous solution.

( e )  S o d iu m  h y d ro x id e  s o lu tio n s .— 10N and IN .
(f) A m m o n ia c a l n itro g en  s o lu tio n s .— (1) 1000 |xg N /m L . 

D isso lve  3.745 g reagent grade N H 4C1 in 1 L  volum etric flask, 
dilute to volum e with water, and mix. (2 ) 100 p,g N /m L . 
Transfer 25 m L solution 1 to 250 mL volum etric flask, dilute 
to volum e with water, and m ix. (3) 10 |xg N /m L . Transfer 25 
m L solution 2  to 250 mL volum etric flask, dilute to volum e  
with water, and mix. (4 ) 1 p,g N /m L . Transfer 25 m L solution  
3  to 250 m L volum etric flask, dilute to volum e with water, 
and mix.
P repara tion  o f  Sam ple S o lu tion s  

A m m o n ia c a l n i tr o g e n .—Place sample containing 10-50 mg 
am m oniacal N  in 250 m L volum etric flask, and add 25 mL  
tartaric acid solution and 100 mL water. L et stand 15 min, 
swirling occasionally . Dilute to volum e with water, and mix.

T a b le  1 . S a m p le s  p r e p a r e d  to  e v a lu a t e  a m m o n ia c a l  n it ro g e n  
r e c o v e r ie s

S a m p le D e s c r ip t io n
A m m o n ia c a l

N, %

1 A m m o n iu m  s u lfa te ,  r e a g e n t  g r a d e 2 1 .2 0
2 A m m o n iu m  n it ra te , r e a g e n t  g r a d e 1 7 .4 1 4
3 M o n o a m m o n iu m  p h o s p h a t e ,  r e a g e n t  

g r a d e
1 2 .0 6 7

4 9 -2 7 -9 , S y n t h e t ic  s a m p le  p re p d  w ith  
m o n o a m m o n iu m  p h o s p h a t e ,  s o d iu m  
n it ra te , p o t a s s iu m  m o n o b a s ic  
p h o s p h a t e ,  a n d  p o t a s s iu m  n it ra te , 
r e a g e n t  g r a d e s

3 .0 0

5 1 8 -4 -1 0 , S y n t h e t ic  s a m p le  p re p d  w ith 7 .0 0
a m m o n iu m  n it ra te , a m m o n iu m  
c h lo r id e ,  u re a , d ia m m o n iu m  
p h o s p h a t e ,  a n d  p o t a s s iu m  c h lo r id e ,  
r e a g e n t  g r a d e s

T a b le  2 . R e c o v e r y  o f  a m m o n ia c a l  n it ro g e n  (% )  in  5  s a m p le s *

A v . S td T h e o r . R e e .,
S a m p le (n  =  5) d e v . v a lu e %

1 2 1 .2 9 0 0 .1 0 7 2 1 .2 0 1 0 0 .4 2 4
2 1 7 .3 1 6 0 .1 9 5 1 7 .4 1 4 9 9 .4 5 4
3 12 .21 0 .0 5 5 1 2 .0 6 7 1 0 1 .1 8 5
4 3 .0 1 6 0 .0 1 5 3 .0 0 0 1 0 0 .5 3 3
5 6 .9 1 4 0 .0 3 8 7 .0 0 0 98 .7 7 1

A v . re e . 1 0 0 .0 7
S D 0 .9 5 5
fcalc. (4  D F ) 0 .1 6 3 9

* S e e  T a b le  1 fo r  s a m p le  d e s c r ip t io n s .

T a b le  3 .  M a g ru d e r  s a m p le s  u s e d  t o  c o m p a r e  A S E  m e t h o d  a n d  M O  
m e t h o d  ( a m m o n ia c a l  n it ro g e n  d e te r m in a t io n )

S a m p le D e s c r ip t io n
A v . a m m o n ia c a l  

N , %

6  5 -1 0 -1 5 , M a g ru d e r  7 9 0 8  C h e c k  S a m p le 2 .7 0 4 0
7  2 8 -0 -0 , M a g ru d e r  8 0 0 8  C h e c k  S a m p le 8 .8 7 8 5
8  5 -1 0 -3 0 , M a g ru d e r  8 2 0 8  C h e c k  S a m p le 3 .5 7 0 0
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T a b le  4 . C o m p a r is o n  o f  r e s u l t s  fo r  a m m o n ia c a l  n it ro g e n  (% )  b y  A S E  m e th o d  a n d  b y  M O  m e th o d  (M a g r u d e r  s t u d y  s t a t is t ic a l  e v a lu a t io n  (10 ))

S a m p le

A S E M O  (10)

^calc. D FA  v. S D N o. d e tn s Av. S D N o . la b s

6 2 .7 6 2 0.05 1 5 2 .7 0 4 0 0 .0 4 3 0 5 0 .1 1 5 8
7 8 .8 3 2 0 .0 4 0 5 8 .8 7 8 5 0 .5 7 9 2 22 - 0 . 1 0 0 2 5
8 2 .9 9 6 0 .0 4 0 5 3 .5 7 0 0 0 .0 2 8 2 8 1 - 1 . 0 3 5 4

T a b le  5 . M e t h o d s  fo r  d e te r m in in g  to ta l n it ro g e n  in  f e r t i l iz e r s

M e th o d C a t a ly s t s  u s e d A O A C  s e c .

S a l i c y l i c  a c id S a l i c y l i c  a c id ,  H g , o r 2 .0 5 8
(S A )  m e th o d H g O

C o m p r e h e n s iv e  
n it ro g e n  (C N )  
m e th o d

C r ,  H g O 2 .0 5 9

M o d if ie d  c o m 
p r e h e n s iv e  
n it ro g e n  
(M C N ) m e th o d

C r ,  C u S 0 4 2 .061

R a n e y  p o w d e r R a n e y  p o w d e r  (5 0 %  Ni, 2 .0 6 3
(R P )  m e th o d 5 0 %  A l), H g O

R e d u c e d  iro n  
(R l)  m e th o d

F e , C u S 0 4 ___a

"N ot an  o f f ic ia l  A O A C  m e th o d .

T a b le  6 . S a m p le s  u s e d  to  e v a lu a t e  to ta l n it ro g e n  r e c o v e r ie s

S a m p le D e s c r ip t io n T o ta l N , %

9 P o t a s s iu m  n it ra te , r e a g e n t  g r a d e 1 3 .8 5
10 A m m o n iu m  n it ra te , r e a g e n t  g r a d e 3 4 .8 2 8
11 U re a , r e a g e n t  g r a d e 4 6 .6 5

T o ta l n i tr o g e n .— Proceed as in 2.061 and 2.062 pars. 1-3
(8). Then cool flask until it can be handled without g loves, 
transfer contents to a 250 mL volum etric flask, cool to 25°C, 
dilute to volum e with water, and mix. Transfer 10 mL aliquot 
to 100 mL beaker, add ca 60 mL water and 2.5 g tartaric acid, 
and adjust pH o f solution to 7 -8 , first with 10N NaO H  and 
then with IN  N aO H . Transfer solution to 100 mL volumetric 
flask, dilute to volum e with water, and mix.
Determination

C onnect ammonia electrode to pH/m V meter or specific 
ion m eter, place electrode in ammoniacal nitrogen solution  
4 , and warm up pH meter. Set function switch to expanded  
mV. Add 1.5 m L 10N NaO H  to each 100 mL solution. Set 
reading to 000.0 by adjusting calibration. U se magnetic stirrer 
at constant rate throughout procedure. Sam ples and stan
dards should be at sam e temperature. Place electrode into 
each solution and read mV o f working and sample solutions. 
Plot mV reading (linear axis) against concentration (log axis) 
on standard 3- or 4-cycle sem ilogarithm ic paper. Determ ine 
nitrogen content o f sam ples from standard curve.

Results and Discussion 

Ammoniacal Nitrogen
Five sam ples (Table 1) were prepared using reagent grade 

materials, and were analyzed in 5 replicates to determine 
method recovery. Table 2 show s percent recovery for each  
sam ple. A verage percent recovery showed no significant dif
ference at the 95% confidence level when compared with 
100% by a /-test.

Three Magruder Check Sam ples (Table 3) were analyzed  
to compare results obtained by the am m onia-selective e lec
trode m ethod with those reported by the MO method in the

T a b le  7 . R e c o v e r y  o f  to ta l n it ro g e n  (% )  in  3  s a m p le s

S a m p le "
A v .

(n = 2) R a n g e
T h e o r .
v a lu e

R e e .,%
9 14.01 0 .0 6 1 3 .8 5 1 0 1 .1 5 5

10 3 4 .6 1 5 0.21 3 4 .8 2 8 9 9 .3 9 8
11 4 6 .3 7 0 .3 8 4 6 .6 5 9 9 .4 0 0

A v. re e . 9 9 .9 8 4
S D 1 .0 1 4
fcalc. (2  D F ) - 0 . 0 2 7 3

" S e e  T a b le  6  fo r  s a m p le  d e s c r ip t io n s .

T a b le  8 . M a g ru d e r  s a m p le s  u s e d  t o  c o m p a r e  A S E  m e t h o d  w ith  A O A C
o f f ic ia l a n d  r e d u c e d  ir o n  m e t h o d s  (to ta l n it ro g e n )

A p p ro x .
S a m p le D e s c r ip t io n N, %

12 4 -6 -2 4 , M a g ru d e r  8 2 1 0  iC h e c k  S a m p le 4
13 1 6 -4 -8 , M a g ru d e r  8 2 0 4  IC h e c k  S a m p le 16
14 2 8 -0 -0 , M a g ru d e r  8 1 0 8 A  C h e c k  S a m p le 2 8

T a b le  9. T o t a l n it ro g e n  (% )  in  3  M a g ru d e r  C h e c k  S a m p le s  ( A S E  
m e th o d )

S a m p le " A v . (n  =  3) S D

12 4 .0 2 4  0 .0 2 3
13 1 6 .0 8 5  0 .0 3 6
14 2 4 .0 3 9  0 .0 1 8

" S e e  T a b le  8  fo r  s a m p le  d e s c r ip t io n s .

Magruder sample statistical evaluations. Table 4 shows results 
obtained and /-test values. N o  significant differences were 
found at the 95% confidence level for sam ples 6, 7, and 8 for 
analyses by laboratories 5, 22, and 1, respectively . Results 
indicate that the am m onia-selective electrode m ethod yields 
good recoveries and is equivalent in accuracy to the MO 
method.
Total Nitrogen

Experim ental work on total nitrogen determination was 
directed first to sam ple treatment after reduction digestion to 
find a way to elim inate the interferences caused by the metals 
used as catalysts. Table 5 show s 5 available m ethods (4 are 
AO AC official m ethods) to carry out the digestion o f  the 
sample. After a study o f several complexing agents, w e decided 
to use the digestion o f the modified com prehensive nitrogen 
m ethod for the follow ing reasons: (a) Cr and C u S 0 4 both can 
be masked with tartaric acid, forming soluble com plexes above 
pH 11. (b) This m ethod has a wide field o f application, (c) It 
is an official AO AC m ethod, (d) It does not have the problems 
associated with mercury disposal.

To evaluate the recovery o f the m ethod, 3 reagent grade 
sam ples (Table 6) were analyzed in duplicate. Table 7 shows 
averages, standard deviations, and percent recoveries. A ver
age recovery show ed no significant difference at the 95% 
confidence level when compared with 100% by a /-test.

Three Magruder Check Sam ples (Table 8) were analyzed  
to com pare the results obtained by the am m onia-selective
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T a b le  10 . C o m p a r is o n  o f  r e s u l t s  fo r  a m m o n ia - s e le c t iv e  e le c t r o d e  m e th o d  w ith  t h o s e  re p o r te d  in  M a g ru d e r  s t a t is t ic a l  e v a lu a t io n s

M e th o d S t a t i s t ic

S a m p le

12 13 14

R e d u c e d t 0 .0 3 5 6 - 0 . 0 4 1 0 - 0 . 0 4 1 2
io n D F 9 8 10

M o d if ie d t -  0 .0 5 8 9 - 0 .0 9 3 7 -  0 .0 7 2 6
c o m p r e h e n s iv e D F 18 22 15

S a l i c y l i c t - 0 . 0 0 7 0 - 0 . 0 3 9 4 0 .0 7 3
a c id D F 21 29 11

D e v a r d a t 0 .0 7 8 3 - 0 . 1 5 2 - 0 . 0 4 9 2
D F 10 14 3

R a n e y t 0 .2 0 6 0 .1 6 5 0 .25 1
p o w d e r D F 3 5 7

C o m p r e h e n s iv e t - 0 .0 2 4 9 - 0 . 0 4 4 7 - 0 . 3 0 6
D F 23 23 31

electrode m ethod with those reported in the statistical eval
uation o f Magruder sam ples. Table 9 presents the average 
results for these sam ples. Table 10 show s results o f M ests 
carried out betw een the A S E  m ethod and each o f 6 different 
m ethods reported by Magruder participant laboratories; there 
were no significant differences.

In general, w e can say that the A S E  method for determining 
am m oniacal and total nitrogen in fertilizers is an adequate 
method that gives average results which are in good agree
ment with theoretical values and are also equivalent to results 
obtained by AO AC official m ethods. Important advantages 
o f  the A SE  m ethod for ammoniacal nitrogen determination  
are applicability to sam ples containing urea and a more rapid 
perform ance because o f the elimination o f the distillation 
step, which is also a major advantage when determining total 
nitrogen.
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Determination of Alkalinity and Acidity of Water by Conductometric Acid-Base Titration
IVAN SE K E R K A  and JO S E F  F. L E C H N E R
N a t i o n a l  W a t e r  R e s e a r c h  I n s t i t u t e ,  B u r l i n g t o n ,  O n t a r i o ,  C a n a d a  L 7 R  4 A 6

The alkalinity and acidity of water are parameters of great importance 
for studies of aquatic ecosystems. This paper describes the determi
nation of total alkalinity by using acid-base titration with trichloroace
tic acid solution as titrant. Total acidity is determined by titration with 
ammonium hydroxide solution. Both titrations are monitored conduc
tometrically. Performance is evaluated and compared with perfor
mance of the potentiometric titration. Automated conductometric titra
tion is simple, fast (30 s/titration), sensitive (detection limit 0.1 ppm 
CaCOj), and accurate. Relative °rror of the determination increased 
from about 1% at high levels to about 10% at 1 ppm CaC03. The 
relative standard deviation of alkalinity measurements ranged from 1 
to 5%; for acidity, these values ranged from 1.5 to 17%. Relative 
standard deviation reached 33% at lower detection limits. Samples 
containing noncarbonate contributory components of alkalinity (bor
ate, silicate, phosphate, organic acids) can be reproducibly analyzed.

E xtensive research is now  being conducted to study the effect 
o f acidic precipitation on aquatic ecosystem s. Total alkalinity 
and acidity o f the water are 2 parameters o f great importance 
in the investigation o f  this problem (1). Alkalinity o f water is 
defined as the capacity to neutralize the equivalent sum o f all 
acids; acidity is the capacity to neutralize the equivalent sum  
o f all bases. In other w ords, alkalinity is the sum o f the 
concentrations o f  proton acceptors, whereas acidity is the 
sum o f  the concentrations o f  proton donors (2).

C lassically , alkalinity and acidity in water are determined 
by acid-base titration with solutions o f  H 2S 0 4 and NaO H . 
The equivalence points are detected by colorim etric indicator 
or by potentiom etry with pH  glass electrode. Results are 
reported in ppm or m g/L, expressed as C a C 03 (3).

Several operational errors in the analytical determination  
o f alkalinity and acidity are discussed in the literature (2). A 
major problem  is definition o f  the titration end points. Titra
tion using colorimetric indicators is inadequate because errors 
can occur in the visual detection o f the end point color change. 
Potentiom etric titration using a “ total fixed end point” intro
duces a relative error in analysis o f low alkalinity water because 
o f uncertainty o f the pH  value at the end point. In water o f  
low  alkalinity or acidity, end point recognition must be very 
precise to obtain meaningful results.

In addition, precision and accuracy o f  traditional tech
niques are not adequate. A  potentiom etric titration procedure 
developed by Gran (4) and Larson and H enley (5) and dis
cussed  by Thom as and L ynch (6) mathematically linearizes 
a buffered portion o f  the titration curve before and after the 
equivalence point to characterize equivalence points. This 
technique im proves the accuracy o f the determination with 
respect to  locating the end point. H ow ever, the basis o f the 
technique is the actual response o f the pH glass electrode 
which has problem s o f  frequent and tedious calibration and 
slow  response in the presence o f  other constituents o f  alka
linity (borate, silicate, phosphate, weak organic acids). Fur
therm ore, the technique is associated with system atic errors; 
com puter programs have been published to alleviate this 
problem (7). Several indirect m ethods reported to quantitate 
acidity have som e fundamental limitations and are not rec
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om m ended (8). In the present work, the acid-base conduc
tom etric titration is evaluated for determining total alkalinity 
(9, 10) and acidity in natural waters.

Experimental

Reagents
All chem icals used in the m easurem ent were analytical 

reagent grade. Stock solutions were analyzed by appropriate 
analytical m ethods. Synthetic sam ple solutions were pre
pared by serial dilution o f stock solution. The titrant solutions 
0.1 and 0.01M  trichloroacetic acid (TCAA) were standardized 
with tris(hydroxymethyl)aminomethane and anhydrous sodium  
carbonate. Aqueous am monia solutions (0.1 and 0.01M ) were 
standardized with T CAA solution. Titrant solutions were 
prepared fresh daily and kept under nitrogen atm osphere. To 
minim ize changes in sample volum e, 0.01M  titrant solutions 
were used for low  levels and 0.1M  solutions for high levels 
o f  alkalinity and acidity.
Apparatus

Potentiom etric titrations were carried out in the conven
tional manner by using a Radiom eter automatic titration sys
tem  (Parts A B U 13, PHM 64, TTT60, TTA60, and REC61) 
and Radiom eter pH glass and reference electrodes. An auto
matic conductom etric titrator consisted  o f  a YS132 digital 
conductance m eter and 2 Radiom eter A B U  13 burets coupled  
to a Radiom eter R E C61-R1A 112 recorder. All titrations were 
carried out at constant temperature (22 ±  0.2°C). Potentio
metric and conductom etric titrations were conducted simul
taneously in one titration vessel.
Procedure

The electrode assem bly (pH glass, reference, and conduc
tivity cell) was im m ersed in 100.0 m L sample in a 150 mL  
beaker. The standard solution o f titrant was dispensed from 
a 2.5 mL autom atic buret, and the values o f  pH and relative 
conductivity registered autom atically. It was not necessary  
to convert relative conductivity readings to absolute values.

To test possible C 0 2 loss during the alkalinity titration, 
C 0 2 content o f a synthetic sam ple at pH 4 was monitored by 
a C 0 2 gas-sensing electrode. N o  measurable C 0 2 change 
occurred during the first 60 s. A  5% C 0 2 loss was registered  
after 5 min. B ecause the duration o f  the titration is less than 
60 s, there is no serious problem o f  distorted results.

Results and Discussion
It is well recognized that conductom etric titration may be 

applied where potentiom etric m ethods fail to give dependable 
results, for exam ple, the direct titration o f weak acids by 
w eak bases, and the displacem ent titrations o f salts and mod
erately weak acids or bases by strong acids or bases (11). 
T hese types o f titrations include determinations o f alkalinity 
and acidity. If conductivity instead o f pH is follow ed during 
titration, the plot against increm ents o f  titrant is defined by 
straight lines w h ose intersection defines the end point. Only 
6 points are required for such a plot. In contrast to potentio
metric titration, readings near the end point have no signifi-
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F ig u r e  1 . P o t e n t io m e t r i ;  a n d  c o n d u c t o m e t r ic  t it ra t io n  c u r v e s  o f  c a r b o n 
a te  s o lu t io n  w ith  H 2S O j  a n d  T C A A .

mL, NH4 OH
0  2  4  6

mL.TCAA
F ig u r e  2 . S c h e m a t ic  c o n d u c t o m e t r ic  t itra tio n  c u r v e  o f  a lk a lin ity  a n d  a c id ity  

b y  2  c o n s e c u t iv e  t it r a t io n s .

T a b le  1. A lk a l in i t y  a n d  a c id i t y  a n a ly s i s  o f  s y n t h e t ic  s a m p le s  (p p m  C a C 0 3)

S a m p le
N o m in a l to ta l 

a lk a lin it y 8
N o m in a l to ta l 

a c id ity " M e a n R e l .  S D ,  % R e l .  e r r o r ,  %

1 2 1 0 .0 2 1 0 .5 1.1 0 .2 5
2 1 0 5 .0 104.1 1 .2 0 .8 6
3 5 2 .5 5 1 .0 2 .9 1 .0
4 2 1 .0 2 0 .5 2 .9 2 .4

5 1 0 .5 1 0 .4 2 .9 1 .0
6 5 .3 5 .4 3 .7 1 .9
7 2.1 2 .0 5 .0 4 .8
8 1.1 1 .0 5 .0 1 0 .0
9 0 .5 0 .5 5 9.1 9.1

10 0.1 0 .1 5 3 3 .3 5 0 .0
11 1 2 0 .0 1 1 8 .0 1 .5 1 .7
12 6 0 .0 6 0 .5 1 .5 0 .8
13 3 0 .0 3 0 .8 3 .2 2 .7
14 1 2 .0 11 .7 4 .3 2 .5
15 6 .0 5 .8 6 .9 3 .3
16 3 .0 3.1 6 .5 3 .3
17 1.2 1.2 1 7 .0 0 .0
18 0 .6 0 .6 5 1 5 .4 8 .3
19 0 .3 0 .3 5 1 4 .3 1 6 .7
20 0.1 0 .1 5 3 3 .3 5 0 .0

“A lk a l in ity  s a m p le s  w e r e  N a 2CC>3 s o lu t io n s  c o n t a in in g  1 %  e a c h  o f b o ra te , s i l ic a t e ,  p h o s p h a t e ,  a c e t a t e ,  a n d  c it ra te .  
" A c id ity  s a m p le s  w e r e  FI2S O 4 s o lu t io n s  c o n ta in in g  1 %  p h o s p h o r ic  a c id .

cance. The effects o f dissociation, hydrolysis, and solubility 
o f the reaction products are negligible.

A major advantage o f conductivity is easy  location o f the 
end point regardless o f the actual pH at which it occurs. 
Solutions o f H 2S 0 4 and NaO H  com m only used for alkalinity 
titration are not the m ost suitable titrants for conductom etric 
titrations because o f their high limiting equivalent conduc
tances. Trichloroacetic acid is a strong acid (pK «  0.5) and 
the anion has a low  equivalent conductance (39.7 m ho-cm 2/ 
equiv.). Similarly, ammonium hydroxide is a good candidate 
for acidity titration. Figure 1 illustrates the shape o f  conduc- 
tom etric/potentiom etric titration curves obtained by titration 
o f carbonate solution with H 2S 0 4 and TCAA solutions.

Preliminary titrations o f  synthetic sam ples containing var
ious constituents o f alkalinity including organic com pounds 
(beef extract, phthalate, humic and fulvic acids) showed the 
superiority o f  conductom etric titration over potentiom etry. 
Potentiom etric titration produced distorted curves and indis
tinct end points. R esponse o f the pH electrode w as slow; a 
single titration required up to 30 min. Conductom etric titra
tions gave better shaped titration curves with well defined 
points o f  inflection, and were accom plished in 1 min. Figure 
2 show s the schem atic conductom etric titration curve o f  alka

linity and acidity by 2 consecutive titrations o f one sam ple. 
The first equivalence point corresponds to caustic alkalinity 
(A); the second break indicates bicarbonate alkalinity (B). 
Total alkalinity is the sum o f A  +  B volum es. The steep  
increase o f  the conductivity curve results from ex cess  TCAA. 
When this is follow ed by titration with N H 4OH solution, the 
first break o f  the curve represents neutralization o f excess  
T CAA . The volum e o f  N H 4OH solution from this point to 
the second break point corresponds to back-titration o f TCAA  
previously consum ed by alkalinity o f the sample (A + B) and 
to original acidity o f the sample (C). This system  o f  2 titrations 
allow s determination o f  sample acidity and alkalinity in one 
beaker.

To evaluate precision and detection limit o f the conduc
tom etric titration, 10 replicate analyses were performed on 
10 synthetic alkalinity and acidity sam ples. Sam ples were 
prepared from a stock solution o f  sodium carbonate contain
ing 1% each o f borate, silicate, phosphate, acetate, and citrate, 
and sulfuric acid containing 1% phosphoric acid. The initial 
conductivity w as adjusted to 300 pS by addition o f KC1 solu
tion. The results, summarized in Table 1, dem onstrate a 10% 
relative error in the 1-10 ppm concentration range and about 
1% in the 20-200  ppm range. The useful detection limit was
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T a b le  2 . C o m p a r is o n  o f  p o t e n t io m e t r lc  a n d  c o n d u c t o m e t r ic  t it r a t io n s  o f  a lk a lin it y *

S a m p le
C a C Ü 3  

a d d e d , p p m
M e a n  C a C O s  
f o u n d ,6 p p m R S D ,6 %

R e i.
e r r o r ,6 % R e e . ,6 %

1 1.5 1 .4 (1 .4 ) 6 7 (1 0 ) 7 .3 (4 .0 ) 9 3 (9 3 )
2 1 0 .0 1 0 .4 (1 0 .2 ) 1 2 .6 (4 .7 ) 4 .0 (2 .0 ) 1 0 4 (1 0 2 )
3 1 2 .6 1 2 .5 (1 2 .6 ) 1 0 .3 (1 .8 ) 0 .8 (0 .0 ) 8 7 (1 0 0 )
4 4 5 .0 4 4 .0 (4 4 .3 ) 1 .7 (1 .4 ) 3 .9 (3 .1 ) 9 8 (9 8 )
5 1 5 0 .0 1 4 9 .4 (1 4 8 .9 ) 2 .0 (1 .6 ) 1 .3 (0 .9 ) 9 9 (9 9 )
6 2 9 9 .0 2 9 2 .6 (2 9 6 .6 ) 1 .1 (0 .7 ) 2 .3 (1 .0 ) 9 7 (9 9 )
7 1 .6 (1 .5 ) 3 3 .9 (1 3 .4 )
8 4 1 .5 (4 1 .7 ) 5 .8 (1 .2 )
9 9 7 .3 (9 6 .9 ) 2 .7 (1 .5 )

10 1 7 8 .5 (1 7 7 .7 ) 1 8 (1 .1 )
11 2 0 4 .1 (2 0 3 .0 ) 1 .8 (1 .6 )
12 2 4 9 .8 (2 5 1 .0 ) 0 .8 (1 .5 )

“R e s u l t s  a r e  b a s e d  o n  9  r e p l ic a t e  a n a ly s e s .
^ V a lu e s  in  p a r e n t h e s e s  a r e  r e s u lt s  o f  c o n d u c t o m e t r ic  t it ra t io n s .

0.1 ppm C a C 0 3. R elative standard deviations range from 15% 
(low levels) to 1% (high levels).

Natural water sam ples were selected , co llected , and pre
pared by the Quality Assurance and M ethods Section o f  the 
National W ater R esearch Institute for the “ Interlaboratory 
Quality Control Study” (12). The criterion for the selection  
was to use sam ples with a variety o f com position, concentra
tion, and background m atrices. Six laboratories o f the Water 
Quality Branch across Canada analyzed 8 natural samples 
from various regions for total alkalinity by using their stan
dard materials.

Table 2 com pares the results o f the potentiom etric titra
tions with those o f  conductom etric titrations. In summary, 
conductom etry is superior to potentiom etry with respect to 
accuracy and precision. An easy and simple identification o f  
the end point in conductom etric titration contributes to its 
im proved perform ance. The proposed method has simple 
instrum entation and operation. It covers the required con 
centration range and has adequate sensitivity. Even com plex  
sam ples containing various contributory com ponents o f alka

linity and acidity can be reproducibly analyzed at the sam
pling rate o f 30 s/titration.
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SUGARS AND SUGAR PRODUCTS
Gas Chromatographic Determination of Residues of Bromopropylate 
and Two of Its Degradation Products in Honey
G IU SE PPE  FORM ICA
C i b a - G e i g y  L t d ,  A g r o  D i v i s i o n ,  4 0 0 2  B a s e l ,  S w i t z e r l a n d

An analytical procedure is described for determination of residues of 
bromopropylate (BP) and its main degradation product 4,4'-dibro- 
mobenzophenone (BBP) in honey. The method also allows the deter
mination of 4,4'-dibromobenzilic acid (BBA), a potential intermediate 
to BBP. The method involves dissolution of the honey in water and 
separation of BP and BBP from BBA on a partition column. BP and 
BBP are further cleaned up and separated on a silica gel column and 
determined by gas chromatography (GC) with electron capture (EC) 
detection. BBA is oxidized with potassium dichromate to BBP, which 
is partitioned into dichloromethane and further cleaned up on a silica 
gel column before determination by GC with EC detection. The method 
is sensitive to 0.02 mg BP or BBP/kg and 0.023 mg BBA/kg honey.
Brom opropylate, isopropyl-4,4-dibrom obenzilate (BP), is the 
active ingredient o f Folbex® V A , which was developed by 
Ciba-G eigy Ltd in collaboration with the Veterinary Institute, 
Freiburg (FRG). Folbex VA has been approved by authorities 
in som e European countries (e .g .. IK S, Interkantonale Kon- 
trollstelle, Bern. Switzerland; BG A, Bundesgesundheitsan- 
stalt. Berlin. FRG; etc.) as a veterinary drug for checking  
(diagnosis) bees for infestation with varroa mites and for 
control (therapy) o f mite infestation in bees caused by the 
varroa mite (varroa disease) or the acariñe mite (acariñe 
disease) (1).

The active substance contained in the Folbex VA fumigant 
strip is vaporized as the strip sm oulders in the hive and acts 
as a contact poison in the m ites. The treatment is performed 
in the evening when all bees are inside the hives. During 
fum igation, the active substance was found to partially ox i
dize to 4,4'-dibrom cbenzophenone (BBP) (Figure 1). Both 
the active substance and B BP may contam inate the honey in 
the hive. As a consequence, an analytical method for the 
determination o f  both unchanged BP and BBP was required. 
The method also allow s the determination o f 4,4'-dibromo- 
benzilic acid (BBA) as a potential intermediate to BBP, although 
this com pound was rever found in actual field sam ples.

METHOD
A p p a ra tu s

(a) R o ta t i n g  e v a p o r a t o r .— T ype R otavap  (R. B uch i, 
Flawil. SG. Sw itzerland), or equivalent.

(b) C h r o m a to g r a p h ic  g la s s  tu b e .— With stopcock. 1.4 cm  
id. 30 cm long.

(c) G a s  c h ro m a to g ra p h .— Hewlett-Packard Model 5710 A, 
or equivalent, equipped with 6,N i electron capture (EC) 
detector. Operating conditions; injector 250°C, detector 300°C, 
argon-m ethane (95 + 5) carrier gas 36 mL/min. Column: 
borosilicate g lass, 130 x  3.0 mm id, packed with 10% OV- 
101 on Gas-Chrom Q. particle size 0 .15-0 .18  mm (80-100  
m esh). Temperatures: isotherm al. 270°C for BBP. 280°C for 
BP.

Received November 2, 1983. Accepted March 19, 1984.

Reagents
U se analytical grade reagents throughout.
(a) P r e p a c k e d  c o lu m n .— Extrelut® (Art. N o . 11737. E. 

M erck, Darm stadt, FRG) for elution o f  lipophilic com pounds.(b) O x id a tio n  r e a g e n t .— 2%  K 2Cr20 7 dissolved  in 20% 
aqueous sulfuric acid.

(c) S ilic a  g e l —  For adsorption, W oelm  N o. 02747, activity  
grade I.

(d) D e g ra d a tio n  p r o d u c t s ta n d a r d s .—Synthesized by Ciba- 
G eigy Ltd, B asel, and confirmed by elem ental analysis and 
spectrom etry.
Preparation o f Samples

Take w hole honey from one hive, centrifuge, and draw 
subsam ple o f  500 g for analysis.
Extraction and Cleanup o f BP and BBP

D isso lve 5 g honey in 15 mL deionized water by stirring 
well with glass rod, add 1 mL HC1, and pour mixture on 
partition colum n (ready-tc-use Extrelut). (HC1 is added for 
the follow ing elution o f BBA . If determination o f  this com 
pound is not desired, HC1 may be om itted.) A llow  ca 20 min 
for com plete penetration into adsorbent. Elute BP and BBP  
with four 25 mL portions o f  //-hexane and collect eluates in 
100 m L beaker. Transfer contents o f beaker to chrom atog
raphy colum n. 14 mm id, previously filled with //-hexane and 
6 g silica gel (W oelm , N o . 02747, activity grade I). Let hexane 
percolate through colum n. W ash beaker and column twice 
with 25 m L //-hexane-dichlorom ethane (8 +  2) and discard 
eluate. Elute B BP with 100 mL dichlorom ethane into 250 mL  
round-bottom  flask. Elute BP with 100 mL dichlorom ethane- 
acetone (8 +  3) into another 250 mL round-bottom flask. 
Evaporate both solvents to dryness by using rotating evap
orator (water bath temperature 30-40°C). D issolve both dry 
residues each in 10 mL //-hexane and evaporate again to 
dryness to elim inate traces o f dichlorom ethane. Again dis
solve both dry residues each in 10 m L //-hexane. Solutions 
are now ready for GC analysis.
Elution o f BBA

Elute remaining BBA  from Extrelut colum n with four 25 
mL portions o f  ethyl ether. Collect eluates in 250 mL round- 
bottom  flask and evaporate solvent to dryness by using rotat
ing evaporator (water bath temperature 30-40°C). Residues  
are not com pletely dry because ethyl ether carries with it 
som e water.
Oxidation o f BBA to BBP and Column Cleanup (2)

D isso lve residue in 5 mL K 2Cr20 7/H 2S 0 4 reagent, let stand 
10 min, and shake occasionally . Add 20 mL saturated sodium  
chloride solution and transfer to 100 mL separatory funnel. 
Rinse flask that contained residue with 25 m L dichlorom eth
ane, transfer rinse to separatory funnel, and shake. Filter 
organic phase through small chromatographic tube containing 
cotton plug and ca 20 g anhydrous sodium  sulfate into 250 
mL round-bottom  flask. Repeat extraction two more times
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OH

c o o c h ( c h 3 ) 2

BP

OH

C O O H

BBA

O

BBP

F ig u r e  1. C h e m ic a l  s t r u c t u r e s  fo r  b r o m o p r o p y la t e ,  i s o p r o p y  l-4 ,4 '-d ib ro -  
m o b e n z i la te ,  C i7 H i3B r 20 3, m o l. w t 4 2 8 .1 2  ( to p ). 4 ,4 '- D ib r o m o b e n z i l ic  a c id ,  
C u H , o B r 20 3, m o l .  w t  3 8 6 .0 4  ( m id d le ) .  4 , 4 ' - D ib r o m o b e n z o p h e n o n e ,  

C , 3H 3B r 20 ,  m o l. w t  3 4 0 .0 1  (b o tto m ).

with fresh 25 mL portions o f dichlorom ethane. Evaporate 
solvent to dryness, using rotating evaporator (water bath 
temperature 30-40°C). Pour 6 g silica gel (W oelm N o. 02747, 
activity grade I) into 14 mm id chromatography colum n, pre
viously filled with «-hexane-dich lorom ethane (8 +  2). Let 
silica gel settle and drain solvent to top o f adsorbent. D issolve  
residue containing B BP in 25 mL «-hexane-dichlorom ethane  
(8 +  2) and transfer to colum n. Let solvent percolate through 
colum n. W ash flask and column 3 tim es with 25 mL o f  the 
above solvent mixture and discard eluate. Elute BBP with 
150 mL «-hexane-dichlorom ethane (6 +  4) into 250 mL round- 
bottom  flask. Evaporate solvent to dryness, using rotating 
evaporator (water bath temperature 30-40°C). D isso lve dry 
residue in 10 mL «-hexane and evaporate again to dryness. 
D issolve dry residue in 10 m L «-hexane. Solution is now  
ready for GC analysis.
Preparation of Calibration Curves

D e te r m in a tio n  o f  B B P .—Prepare 4 standard solutions con 
taining 0 .1 -0 .01  p.g BBP/m L hexane. Inject 5 p.L o f each  
solution corresponding to 0 .5 -0 .05  ng BBP into gas chro
matograph. M easure peak heights either with a ruler or e lec
tronically and plot against ng BBP on double logarithmic scale  
or com pute regression line. U se  the sam e standards for deter
mination o f  BBP from BBA .

D e te r m in a tio n  o f  B P .— Prepare 4 standard solutions con
taining 0 .1 -0 .01  |xg BP/m L hexane. Inject 5 p.L o f each solu
tion corresponding to 0 .5 -0 .0 5  ng BP into gas chromatograph. 
Plot ng vs peak heights as described above.
Determination of Residues in Samples

Inject 5 p,L o f each sam ple solution ready for GC analysis 
into gas chromatograph. M easure peak heights either with 
ruler or electronically and compare with corresponding stan
dard curve either graphically or electronically.

F ig u r e  2 . T y p ic a l  g a s  c h r o m a t o g r a m s  o f  b r o m o p r o p y la t e :  A  a n d  B , s t a n 
d a r d s ,  0 .0 5  a n d  0 .5  n g  B P ,  r e s p e c t iv e ly ;  C ,  c o n t r o l  h o n e y  s a m p le ,  a liq u o t  
In je c t e d  c o r r e s p o n d in g  to  2 .5  m g  h o n e y ;  D  a n d  E ,  c o n t r o l  h o n e y  s a m p le s  
fo r t if ie d  w it h  0 .0 4  a n d  0 .2  m g  B P / k g , r e s p e c t iv e ly ,  a l iq u o t  in je c t e d  c o r r e 

s p o n d in g  to  2 .5  m g  h o n e y  o r  0 .1  a n d  0 .5  n g  B P ,  r e s p e c t iv e ly .

T a b le  1. t y p i c a l  r e c o v e r ie s  o f  B P , B B P ,  a n d  B B A  in  h o n e y

Fort, level, Rec„%, SDCompd mg/kg (No. of analyses)
B P 0.04 66 ± 9.9 (n = 6)0.2 78 ± 3.4 (n = 7)

B B P 0.04 95 ± 5.4 (n = 6)0.2 92 ± 2.3 (n = 6)
B B A 0.04 70, 700.2 66, 67, 69, 76

1.0 66, 64

If sam ple peak is higher than highest standard peak, dilute 
extract with hexane and repeat injection, or inject more con
centrated standard solution when working with computer.

For calculation o f B B A  residues, expressed in ng/mg =  
mg/kg: multiply ng B BP found by stoichiom etric conversion  
factor (mol. wt B BA /m ol. wt B BP =  1.1354) and divide by 
injected sam ple portion (in mg).
Control Values, Limit of Determination

D e te r m in a tio n  o f  B P  a n d  B B P .— Control honey samples 
were analyzed according to the procedure described above. 
When 5 \xL o f  the final solution was injected, the chrom ato
grams show ed no significant interference at the retention 
tim es o f BP or BBP. Therefore, the limit o f  determination 
may be calculated from the minimum detectable amount o f 
BP or B BP, which is 0.05 ng for both com pounds and cor
responds to 0.02 mg/kg.

D e te r m in a tio n  o f  B B A —  W hen 5 |xL o f the final solution  
o f control sam ples, analyzed as described above, was injected.
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Start

Start

Start

Start

l
L _e 0.5 ng BBP

B

A

Start
\ 0.05 ng EBP

F ig u r e  3 . T y p ic a l  g a s  c h r o m a t o g r a m s  o f  d ib r o m o b e n z o p h e n o n e :  A  a n d  
B , s t a n d a r d s ,  0 .0 5  a n d  0 .5  n g  B B P ,  r e s p e c t iv e ly ;  C ,  c o n t r o l  h o n e y  s a m p le ,  
a l iq u o t  in je c t e d  c o r r e s p o n d in g  to  2 .5  m g  h o n e y ;  D  a n d  E ,  c o n t r o l  h o n e y  
s a m p le s  fo rt if ie d  w ith  0 .0 4  a n d  0 .2  m g  B B P /k g , r e s p e c t iv e ly ,  a liq u o t  in je c te d  

c o r r e s p o n d in g  to  0 .1  a n d  0 .5  n g  B B P ,  r e s p e c t iv e ly .

Start

F ig u r e  4 . T y p ic a l  g a s  c h r o m a t o g r a m s  o f  d ib r o m o b e n z o p h e n o n e  ( B B P )  
o r ig in a t e d  f ro m  d ib r o m o b e n z i l ic  a c id  ( B B A ) :  A  a n d  B , s t a n d a r d s ,  0 .0 5  a n d  
0 .5  n g  B B P ,  r e s p e c t iv e ly ;  C ,  c o n t r o l  h o n e y  s a m p le ,  a l iq u o t  in je c t e d  c o r 
r e s p o n d in g  t o  2 .5  m g  h o n e y ;  D  a n d  E ,  c o n t r o l h o n e y  s a m p le s  fo rt if ie d  
w ith  0 .0 4  a n d  0 .2  m g  B B A / k g , r e s p e c t iv e ly ,  a liq u o t  in je c t e d  c o r r e s p o n d in g  
to  2 .5  m g  h o n e y  o r  0 .1  a n d  0 .5  n g  o f o r ig in a l B B A ,  c o r r e s p o n d in g  to  0 .0 8 8  

a n d  0 .4 4  n g  B B P ,  r e s p e c t iv e ly .

the chrom atogram s show ed no significant interference at the 
retention time o f BBP. Therefore, the limit o f determination 
may be calculated from the minimum detectable amount o f  
BBP, which is 0.05 ng and corresponds to 0.058 ng or 0.023 
mg BBA /kg.

Results
Table 1 g ives the results o f recovery experim ents; these 

data show  that the developed method is suitable for the deter
mination o f  brom opropylate, the degradation product BBP, 
and the potential intermediate BBA . The m ethod has the 
advantage that the honey used for analysis is com pletely  
disso lved  in water, thus avoiding the formation o f  a filter cake 
which might contain nonextractable residues. The analytical 
procedure described was applied with no difficulties to the

routine analysis o f  honey sam ples derived from supervised  
trials. Small am ounts o f BP and BBP were found in som e 
field samples shortly after treatment; BBA  was never detected. 
Figures 2, 3, and 4 show  som e typical gas chromatograms o f  
BP and B B P  in fortified honey sam ples.
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Liquid Chromatographic Determination of Lactose Purity: Collaborative Study
JANICE R. SAUCERMAN and CHARLES E. WINSTEAD
M e a d  J o h n s o n  a n d  C o . ,  2 4 0 4  P e n n s y l v a n i a  A v e ,  E v a n s v i l l e ,  I N  4 7 7 2 1

Collaborators: P. J. Casaletto; N . J. D eAngelis; T. A. Foglia: G. W. Greene; T. Helbig; A. G. Hugunin; R. S. Mills:
H. N upson; L. G. W est; A. F. Zimmermann

R e s u l t s  f r o m  8  l a b o r a t o r ie s  a r e  p r e s e n t e d  f o r  t h e  c o l l a b o r a t iv e  s t u d y  

o f  a  p r o p o s e d  m e t h o d  f o r  q u a n t i t a t i v e  l iq u id  c h r o m a t o g r a p h ic  ( L C )  

d e t e r m in a t io n  o f  la c t o s e  p u r i t y .  E a c h  l a b o r a t o r y  w a s  p r o v id e d  w it h  10  

b l in d  d u p l ic a t e ,  e d ib le - g r a d e  la c t o s e  s a m p le s  p lu s  a  la c t o s e  r e f e r e n c e  

s t a n d a r d  a n d  a  f r u c t o s e  in t e r n a l  s t a n d a r d .  T e s t in g  r e q u i r e d  t h e  c o m 

p a r i s o n  o f  a q u e o u s  2 %  la c t o s e  s a m p le  s o lu t io n  a g a in s t  a  r e f e r e n c e  

s t a n d a r d  o f  e q u a l  c o n c e n t r a t io n  a n d  q u a n t i t a t io n  b y  u s in g  a  f r u c t o s e  

i n t e r n a l  s t a n d a r d .  T h e  L C  s y s t e m  s p e c if ie d  a n  i s o c r a t i c  a c e t o n i t r i l e -  

w a t e r  ( 8 0  +  2 0 )  m o b ile  p h a s e ,  f lo w  r a t e  2 . 0  m L / m in ,  a n d  c h r o m a t o 

g r a p h ic  s e p a r a t io n  o n  a  c a r b o h y d r a t e  c o lu m n . C o m p o u n d s  w e r e  d e te c te d  

b y  u s in g  r e f r a c t i v e  in d e x .  S t a t i s t i c a l  a n a ly s i s  f o r  a l l  s t u d y  d a t a  in d ic a t e s  

e x c e l le n t  b e t w e e n - la b o r a t o r y  p r e c i s io n  w it h  a  c o e f f ic ie n t  o f  v a r ia t io n  

( C V )  r a n g e  o f  0 . 5 3 - 1 . 3 7 %  a n d  a n  o v e r a l l  a v e r a g e  o f 0 . 9 7 7 % .  S t a t i s t i c a l  

a n a ly s i s  a f t e r  e x c lu d in g  o u t l ie r s  s h o w e d  e q u a l ly  g o o d  r e p e a t a b i l i t y  a n d  

r e p r o d u c ib i l i t y  o f  le s s  t h a n  1 %  a n d  1 . 5 %  C V ,  r e s p e c t iv e ly .  T h e  m e t h o d  

h a s  b e e n  a d o p t e d  o f f ic ia l  f i r s t  a c t io n .

L actose is produced com m ercially as a by-product o f the 
cheese industry. It is designated as fermentation grade 98%, 
crude grade 98.4%, edible grade 99.0%, and U SP grade 99.85%
(1). The producers and users o f  lactose have determined 
lactose purity by a variety o f  techniques (2-7); the most 
widely used are the AO AC reducing sugar Lane-Eynon method 
and the AO AC M unson-W alker chem ical method (8).

When discussing these m ethods, many analysts express 
concern about the ability o f  available m ethodology to analyze 
lactose precisely and with sufficient sensitivity to distinguish  
the different grades. As a result o f this concern, method 
developm ent w as undertaken in 1981 to provide a practical 
and reliable liquid chrom atographic (LC) method to quanti
tatively determ ine the percent purity o f  lactose grades at the 
98-100%  level.

The developed m ethod, after a 4-laboratory collaborative 
study, w as presented at the 1982 AOAC international meeting
(9) and recommended for official first action adoption. Although 
extensive validation had been performed and excellent pre
cision data had been obtained, the method was not adopted  
because o f  insufficient number o f collaborators (10). The 
method has been subjected to a second collaborative study, 
described below.

Ten collaborators were sent 10 blind duplicate, lactose 
edible-grade sam ples. The 99.0% edible-grade sam ples were 
chosen because they are m ost com m only encountered in our 
laboratory. Each collaborator was also provided with lactose  
reference and fructose internal standards. Each collaborator 
was furnished with a set o f  instructions to perform a system  
suitability check , detailed instructions for conducting the final 
collaborative trial, report form s, and a method o f  analysis.

Collaborators were instructed to analyze each o f the 20 
sam ples according to the supplied method and to quantitate 
the unknowns by com parison with the lactose reference stan
dard. The study w as designed under the advisem ent o f Com-

This report of the Associate Referee. J. R. Saucerman, was presented at the 
97th Annual International Meeting of the AOAC, Oct. 3-6, 1983, at Washing
ton, DC.

The recommendation of the Associate Referee was approved by the General 
Referee and Committee D and was adopted by the Association. See the General 
Referee and Committee reports. J. Assoc. Off. Anal. Chem. ( 1984) 67, March 
issue.

Received September?. 1983.

m ittee C statistician O 'D onnell and Com m ittee D statistician  
Ruggles in accordance with Youden and Steiner (11).

Purity of Lactose 
Liquid Chromatographic Method 

First Action
Principle

L actose purity is detd by comparing aq. 2% lactose sample 
soln against ref. std o f  equal concn , using liq. chromatgy with 
isocratic m obile phase, carbohydrate colum n, and refractive 
index detector. R esponse ratio o f  sample lactose to internal 
std is compared with ratio o f std lactose to internal std.

Apparatus
(a) L iq u id  c h ro m a to g ra p h .—Hewlett Packard Model 1081, 

equipped with refractive index detector, autosam pler, and 
M odel 3390A integrator. Operate with column at room temp. 
Equiv. system  may be used.(b) L C  c o lu m n .—p -10 Carbohydrate, 4 .6  mm id x  25 cm, 
with guard colum n (Whatman) or equiv. column system  pro
viding appropriate retention tim es and sepn for H :0 ,  lactose, 
and fructose internal std (Figure 1).

Reagents
(a) A c e to n itr ile .—LC grade (Fisher Scientific C o .. or equiv.).
(b) W a te r .— LC grade.
(c) M o b ile  p h a s e  ( is o c r a tic ) .—C H 3C N -H 20  (80 + 20) at 

2 mL/min.
(d) F r u c to s e  in te rn a l s t d  s o ln .—Weigh 50 g fructose powd 

(Sigm a Chemical Co. (3-d( - ( - fructose, or equiv.). Transfer 
to 500 mL vol. flask and dil. to vol. with H :0 .  Prep, fresh 
w eekly.

(e) L a c to s e  r e fe re n c e  s td .s o ln .— U S P  grade milk sugar free 
o f g lucose (Sigma Chemical C o ., or equiv.). Accurately weigh  
( ± 0 .2  mg) 2 g undried lactose std. Quant, transfer with small 
portions o f H 20  to 100 mL vol. flask. Add 10.0 mL fructose 
internal std solr. and dil. to vol. with H 20 .  Prep, fresh daily.

System Suitability Test
(a) R e p e a ta b i l i ty  — L e t system  equilibrate with flow rate 

o f 2 m L/min. Inject ten 25 p.L aliquots o f prepd std soln. 
Chromatogram should show baseline resolution with H 20  
retention time at 1-2 min, fructose 2 -3  min, and lactose 5 -6  
min. Coefficien: o f variation (CV) for peak response factors 
(lactose peak ht/fructose internal std peak ht) o f 10 injections 
should be <0.6% . If repeatability is unsatisfactory, let system  
equilibrate longer, and repeat test.

(b) Linearity' o f  d e te c to r  r e s p o n se .—Perform linearity check 
by analyzing std lactose solns at 1.4, 1.8. 2.0, 2.2. and 2.6% 
concn levels. Linear regression analysis o f peak ht response  
factor vs concn should provide correlation coefficient o f 0.999. 
Liq. chromatograph should be checked for linearity monthly 
and/or when changes occur in chrom atgy system  (app., 
reagents, repairs, etc.).

Preparation of Sample
A ccurately weigh (± 0 .2  mg) 2 g lactose sample. Quant, 

transfer with small portions o f  H 2Q to 100 mL vol. flask. Add
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T a b le  1 . D a ta  o b t a in e d  in  c o l la b o r a t iv e  t r ia l  o f  L C  m e th o d  to  d e te r m in e  la c t o s e  p u r ity  ( d u p l ic a t e  s a m p le s  A - J ) a

A B C C)

C o ll . 1 2 1 2 1 2 1 2

1 9 9 .6 9 9 .8 9 9 .7 9 9 .4 9 9 .9 9 9 .8 9 9 .6 9 9 .6
2 9 9 .3 9 9 .6 9 8 .3 9 7 .6 9 7 .6 9 7 .6 1 0 0 .2 1 0 0 .3
3 1 0 0 .0 9 8 .2 9 9 .7 9 9 .8 1 0 0 .2 9 8 .8 9 9 .6 1 0 0 .3
4 9 9 .8 1 0 1 .0 9 8 .0 1 0 0 .3 9 9 .5 1 0 1 .8 1 0 0 .0 1 0 0 .0
5 9 9 .3 9 9 .3 9 9 .3 9 9 .3 9 8 .6 9 8 .9 9 8 .8 9 9 .6
6 1 0 1 .5 1 9 0 .0 1 0 1 .7 1 0 1 .3 1 0 2 .4 1 0 1 .2 1 0 0 .3 101.1
7 1 0 0 .6 1 0 0 .4 100.1 100.1 1 0 0 .3 1 0 0 .5 1 0 0 .0 1 0 0 .4
8 1 0 0 .4 1 0 0 .3 1 0 0 .2 1 0 0 .3 101.1 9 9 .7 9 9 .4 1 0 0 .3

N 16 16 16 16
M e a n 99 . 8 8 99 . 6 9 99 . 8 7 99 . 9 7
S D 0. 8 7 1. 0 8 1. 3 7 0. 5 3
C V , % 0. 8 7 1. 0 8 1. 3 7 0. 5 3

1 2 1 2 1 2 1 2 1 2 1 2

9 9 .3 9 9 .3 9 9 .9 9 9 .5 99.1 9 9 .4 9 9 .8 9 9 .6 9 9 .4 9 9 .6 9 9 .6 9 9 .8
1 0 2 .6 1 0 1 .3 1 0 0 .3 9 8 .7 9 9 .5 9 9 .9 9 7 .5 9 7 .7 9 7 .0 9 8 .4 9 7 .7 9 7 .0

9 9 .6 9 9 .9 99 .1 9 9 .0 1 0 0 .4 1 0 0 .0 1 0 0 .4 9 9 .8 9 9 .9 9 8 .6 9 8 .4 9 9 .2
9 9 .9 1 0 0 .0 9 8 .8 9 9 .4 9 9 .9 99 .1 9 8 .0 1 0 1 .8 1 0 0 .0 9 7 .9 1 0 1 .5 9 8 .0
9 8 .7 9 9 .5 9 8 .8 9 8 .8 9 9 .6 9 8 .8 9 9 .7 9 9 .0 9 8 .2 9 9 .0 9 9 .3 9 9 .0

1 0 0 .7 1 0 0 .9 1 0 1 .4 101.1 9 9 .3 1 0 1 .6 101.1 1 0 1 .4 1 0 0 .2 1 0 0 .7 1 0 0 .6 1 0 0 .8
1 0 0 .2 1 0 0 .4 1 0 0 .2 100.1 1 0 0 .6 1 0 0 .2 1 0 0 .5 1 0 0 .6 100.1 1 0 0 .0 1 0 0 .5 1 0 0 .0

9 9 .9 9 9 .7 9 9 .6 9 9 .6 1 0 0 .2 9 9 .3 9 9 .9 9 9 .2 9 9 .8 9 9 .6 9 9 .5 9 9 .4
16 16 16 16 16 16

1 0 0 .1 2 99..64 9 9 .81 9 9 .75 CD CO 2 8 99 ..39
0 .9 3 0 . 8 2 0 ..70 1..26 1. 0 0 1. 19
C1.93 0 . 8 2 0..70 1 .26 1..01 1. 2 0

“A ll s a m p le s  t e s t e d  w e r e  9 9 .0 - 1 0 0 .0 %  e d ib le  g ra d e .

1

F ig u r e  1 . T y p ic a l  L C  p e a k  r e s p o n s e  v s  t im e  (m in )  o f  2 %  la c t o s e  s o lu 
t io n s :  1 , w a t e r  1 .5 8 ; 2 , f r u c t o s e  in t e r n a l s t d  3 .1 1 ; 3 , a lp h a -  a n d /o r  b e ta -  

l a c t o s e  5 .7 6 .

10.0 mL fructose internal std soln and dil. to vol. with H 20 .  
Conduct LC detn within 24 h after prepn. N ote: U se  same 
internal std soln in prepg lactose std soln and sample std soln.

D eterm ination
Inject triplicate 25 p.L aliquots o f both sample and ref. std 

solns. If more than one sam ple is to be analyzed, run ref. std 
every third sam ple. Calc, results by using av. std response 
factors bracketing each sam ple set o f 3.

Det. m oisture content, or loss on drying for 16 h at 120° 
(U SP , 18th rev., pp. 358, 935 (1970)), o f both sample and std.

C alculation
%  L actose (dry basis)

=  (R IR ' x  {[W  x (100 -  M ’)]/[W  x (100 -  M )]} x P
where R  and R ' =  peak response factors (lactose peak to 
fructose peak) for sam ple and std solns, resp.; W  and W' = 
wt (g) o f sam ple and lactose std, resp.; M  and M ' = % 
m oisture for sam ple and lactose std, resp.; P  =  %  purity o f  
lactose std.

Results and Discussion
Table 1 sum m arizes results obtained from 8 o f the initial 

10 collaborating laboratories. T w o collaborators were unable 
to com plete the stu cy within the required time.

Each participant analyzed blind duplicates o f sam ples A -  
J with a total o f 160 analyses. All sam ples tested were 9 9 .0 -  
100.0% edible grade. The coefficients o f variation for all ranged 
from  0.53 to 1.37% with an overall average o f 0.977%.

T a b le  2 . S t a t i s t ic a l  a n a ly s i s  o f  c o l la b o r a t iv e  t r ia l d a ta

S a m p le

L a b .
o u t l ie r s

e lim in a t e d

E s t d  
m e a n  

re e ., % “ R e p e a t a b il it y R e p r o d u c ib i l i t y

A n o n e 9 9 .3 8 0 .7 3 7 8
( C V  =  0 .7 4 % )

0 .8 7 6 7
( C V  =  0 .8 8 % )

B 4 “ 9 9 .7 7 0 .2 3 3 0
( C V  =  0 .2 3 % )

1 .08 61
( C V  =  1 .0 9 % )

C n o n e 9 9 .8 7 0 .8 2 1 2
( C V  =  0 .8 2 % )

1 .40 41
( C V  =  1 .4 1 % )

D n o n e 9 9 .9 7 0 .4 1 4 6
( C V  = 0 .4 1 % )

0 .5 3 6 0
( C V  =  0 .5 4 % )

E n o n e 1 0 0 .1 2 0 .3 9 9 2
( C V  =  0 .4 0 % )

0 .9 5 4 9
( C V  =  0 .9 5 % )

F 2 “ 9 9 .6 6 0 .21 21
( C V  =  0 .2 1 % )

0 .8 4 9 9
( C V  =  0 .8 5 % )

G n o n e 99 .8 1 0 .7 0 4 9
( C V  = 0 .7 1 % )

0 .7 0 4 9
( C V  =  0 .7 1 % )

H 2 °, 4 “ 1 0 0 .0 8 0 .3 5 1 2
( C V  =  0 .3 5 % )

0 .7 5 5 9
( C V  =  0 .7 6 % )

I n o n e 9 9 .2 8 0 .7 5 1 7
( C V  =  0 .7 6 % )

1 .0 1 6 5
( C V  =  1 .0 2 % )

J 4 ° 9 9 .3 4 0 .3 3 8 1
( C V  = 0 .3 4 % )

1 .1 1 3 7
( C V  =  1 .1 2 % )

“A ll s a m p le s  w e r e  9 9 - 1 0 0 %  e d ib le  g r a d e .  
“C o c h r a n  o u t lie r .
“D ix o n  o u t lie r .

Table 1 trial data were statistically analyzed, with final 
results show n in Table 2. The data were checked for outliers 
by using the D ixon, Cochran, and Youden tests. Four were 
elim inated as Cochran outliers and one as a D ixon outlier. 
The statistical analysis for recovery, repeatability, and 
reproducibility was performed with listed outliers om itted.

The estim ated mean recovery for sam ples A -J  ranged from
99.28 to 100.12%. Interpretation o f recovery must take into 
consideration that all sam ples were edible grade with a purity 
claim o f  99.0-100.0% . A lso , sam ples were compared against 
the highest purity lactose available (U SP  99.85%). Repeata
bility ranged from 0.21 to 0.82% CV. Reproducibility indi
cated a range o f 0.54-1.41% .

In addition to results described in Table 2, one- and two- 
w ay analyses o f  variance (A N O V A ) were performed. The 
one-w ay A N O V A  show ed P  <  0.05 and a tw o-w ay A N O V A  
o f P <  0.0013.

The participating laboratories used a variety o f system s to 
perform the required tests. N one reported significant diffi
culties. M ost com m ented favorably on the ease and sim plicity  
o f the m ethod. One com m ented on the difficulty o f  weighing
2.0 g ±  0.2 mg.

881
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In conclusion, this collaborative study describes a method 

with excellen t repeatability and reproducibility (less than 1% 
and 1.5%, respectively) with few  outliers. T hese results verify 
the 1982 developm ent work whereby the first collaborative 
study show ed excellen t m ethod reproducibility ranging from  
0.27 to 0.57% CV (9).

In addition to excellen t precision from the 1982 and 1983 
collaborative studies, the m ethod study in 1982 defined sp ec
ificity, linearity o f  detector response (correlation coefficient 
o f 0.999), minimum detector response as 0.014 g/m L, working 
concentration range o f 70-130%  o f  the 2% sample concentra
tion, applicability, and proof o f ruggedness (9).

Recommendation
Based on the excellen t precision obtained from this collab

orative study and the extensive 1982 developm ent work dem 
onstrating specificity, precision, linearity o f detector response, 
applicability, and ruggedness, it is recom m ended that this 
m ethod be adopted official first action.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES
Recent Advances in Cleanup of Fats by Sweep Co-Distillation.
Part 2. Organophosphorus Residues
BARRY G. L U K E 1 and JE F F E R Y  C. RICHARDS
D e p a r t m e n t  o f  S c i e n c e  a n d  T e c h n o l o g y ,  A u s t r a l i a n  G o v e r n m e n t  A n a l y t i c a l  L a b o r a t o r y ,  1 1  W i l l i a m  S t ,  
M e l b o u r n e ,  V i c t o r i a  3 0 0 0 ,  A u s t r a l i a

This paper describes the isolation of 5 organophosphorus residues in 
beef fat by a commercial sweep co-distillation unit (Unitrex). The 
operating conditions specified 233°C and nitrogen flow at 230 mL/min. 
Recoveries of chlorpyriphos, monodechlorchlorpyriphos, bromophos- 
ethyl, debromobromophos-ethyl, and ethion ranged from 84 to 99%, 
with coefficients of variation between 3 and 5%.

R esidues o f organochlorine and organophosphorus pesticides 
are detected in Australian m eat fat, the latter being derived 
alm ost ex clu sively  from the need to dip or spray cattle in 
som e areas o f  Northern Australia to control tick (B o o p h ilu s  
m ic ro p lu s)  infestation. Accurate, reliable, rapid, and rela
tively inexpensive analytical m ethods are required to effi
ciently analyze large numbers o f sam ples, particularly those 
destined for export. In conjunction with capillary column gas 
chrom atography, sw eep co-distillation has proven very effec
tive in this multi-residue program over 9 m onths’ operation.

METHOD
Reagents and Apparatus

(a) S w e e p  c o -d is ti ' la tio n  a p p a r a tu s .— Unitrex (Universal 
Trace Residue Extractor) supplied by Scientific G lass Engi
neering (SGE) Pty, Ltd, Australia. This unit has been described 
previously (1).

(b) F lo r is il .—60-130  m esh (Floridin C o., Pittsburgh, PA)
1.0% deactivated as prepared in ref. 1.

(c) S o d iu m  s u lfa te .—Granular, anhydrous, AR grade. 
Soxhlet-extract with dichlorom ethane for 2 h, air-dry, and 
heat at 130°C for 2 h.

(d) T rap  p r e p a r a t io n .—Pack sodium  sulfate/Florisil sepa
rately, as for organochlorine residues, but in the ratio 1 +  1. 
U se short strand variety o f glass w ool for plugs in each end 
o f trap, and pack so that it com pletely fills B5 cone area. 
Failure to do this results in air bubbles being trapped in cone  
area during solvent elution o f trap, with subsequent lengthy 
elution tim es.

(e) S o lv e n ts .— H exan e, dich lorom ethane (M allinckrodt 
Nanograde), and ethyl ether (redistilled, peroxide-free).

(f) G a s  c h r o m a to g r a p h y .— Varian 3700 fitted with 63N i 
electron capture detector, 12 m x  0.33 mm id vitreous silica 
column BP 10 (Scientific Glass Engineering Pty, Ltd). Oper
ating conditions as described in ref. 1.
Preparation of Fortified Meat Fat

B eef fat (200 g), previously analyzed to confirm that no 
organophosphorus residue above 0.05 mg/kg was present, 
was fortified with 2.0 mL m ixed pesticide standard in hexane 
to produce a fat containing chlorpyriphos (O.O-diethyl O- 
(3,5 ,6-trich loro-2-pyridyl)phosphoroth ioate, 0 .16 mg/kg),
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bromophos-ethyl (0-(4-bromo-2,5-dichlorophenyl) O,O-dieth- 
yl phosphorothioatc, 0.32 mg/kg), ethion (O .O .O '.O '-tetrae- 
thyl S ,S '-m ethylene bisphosphorodithioate, 0.24 mg/kg), 
debrom obrom ophos-ethyl (0-(2,5-dichlorophenyl) O.O-die- 
th y lp h o sp h o ro th io a te , 0 .4 7  m g/kg), and m o n o d ech lo r 
ch lo rp y r ip h os (0 ,0 -d ie th y l-0 - (3 ,6 -d ic h lo r o -2 -p y r id y l)  
phosphorothioate, 0.41 mg'kg). The fat was then mixed in a 
beaker 20 min at 60°C, using a m agnetic stirrer/hot plate.
Procedure

The analysis procedure was exactly as previously reported
(1), excep t that the detachable trap was packed with sodium  
sulfate and Florisil in the ratio 1 +  1. See discussion for 
further details.

Results and Discussion
The 5 organophosphorus pesticides used in this investiga

tion are those most frequently detected in meat fats in this 
laboratory in the past 10 years. Debrom obrom ophos-ethyl 
(DBB) and monodechlorchlorpyriphos (DCC) apparently result 
from dehalogenation o f their respective parent com pounds, 
brom ophos-ethyl and chlorpyriphos (2, 3). T hese 2 dehalo- 
genated residues are now quantitatively reported in routine 
sam ples.

Table 1 show s details o f the recovery data. All com pounds 
are recovered in yields above 84%. In experim ents with chlor
pyriphos, brom ophos-ethyl, and ethion, recoveries were 
dependent on the amount o f sodium sulfate in the traps (see  
Table 2). B y changing the ratio o f sodium  sulfate/Florisil from  
1 +  3, as for organochlorine residues, to 1 +  1, we observed  
consistently higher chlorpyriphos recoveries. Elimination o f  
sodium sulfate resulted in com plete loss o f  chlorpyriphos and 
ethion, and significant reduction in brom ophos-ethyl recov
ery. By packing the traps with an intimate mixture o f sodium  
sulfate and Florisil (1 +  1), rather than separate portions o f  
the 2 m aterials, alm ost com plete loss o f chlorpyriphos and 
brom ophos-ethyl occurred.

By decreasing the amount o f Florisil below  the 50% level, 
the trap eluate contained co-extracts which adversely affected  
the solvent front area o f  the gas chromatograms. In routine 
work, w e pack the traps with sodium sulfate and Florisil (1 
+  3), as recom m ended previously for organochlorine resi
dues, and, if chlorpyriphos is detected , we repeat the analysis 
with the modified trap com position (1 +  1).

The explanation for the results shown in Table 2 is not fully 
understood at this tim e, but clearly the ratio o f  sodium sulfate 
and Florisil, and the activity o f  the Florisil, are critical in 
obtaining reliable recovery.

Figure 1 show s a typical chromatogram o f an extract from  
a meat fat spiked with chlorpyriphos, brom ophos-ethyl, and 
ethion. Eluting im m ediately after brom ophos-ethyl is p ,p ' -  
D D E , which is present as a background residue in the blank 
fat sam ple. Figure 2 show s the chromatogram from a meat 
fat sam ple fortified with debrom obrom ophos-ethyl and m ono
dechlorchlorpyriphos. Figure 3 is a chromatogram o f a typical
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T a b le  1 . R e c o v e r i e s  o f  o r g a n o p h o s p h o r u s  r e s id u e s  in  s p ik e d  m e a t  

( b e e f )  fa t , u s in g  U n it r e x

P e s t ic id e
S p ik e  le v e l,  

m g /kg
M e a n

r e c . ,  % S D C V , %

C h lo r p y r ip h o s “ 0 .1 6 8 3 .5 4 .4 5 .3
B r o m o p h o s - e t h y l“ 0 .3 2 9 6 .6 2 .9 3 .0
E t h io n “ 0 .2 4 9 9 .0 5 .2 5 .2
D B B “ 0 .4 7 9 5 .6 3 .5 3 .7
D C C “ 0 .41 9 1 .9 3 .6 3 .9

“R e s u l t s  b a s e d  o n  2 7  r e c o v e r ie s .  
“R e s u l t s  b a s e d  o n  1 0  r e c o v e r ie s .

T a b le  2 . V a r ia t io n  in  r e c o v e r ie s  (% )  o f  o r g a n o p h o s p h o r u s  r e s id u e s  
w ith  d if fe r e n t  r a t io s  o f  s o d iu m  s u lf a t e  a n d  F lo r is i l *

S o d iu m  s u l f a t e -
F lo r i s i l“ C h lo r p y r ip h o s B ro m o p h o s -e th y l E th io n

F lo r i s i l  o n ly n o t r e c o v e r e d 7 7 n o t r e c o v e r e d
1 +  9 6 0 9 4 8 6
1 +  2 5 8 8 9 81
1 +  1 7 9 9 7 100
2 +  1 8 6 9 8 103
1 +  1“ < 1 0 81 < 5

“U n it re x  c o n d it io n s :  2 3 0 ° C ,  n it ro g e n  f lo w  2 3 0  m L /m in , s in g le  a n a ly s is .  
“S o d iu m  s u lf a t e  a n d  1 .0 %  d e a c t iv a t e d  F lo r i s i l  in  s e p a r a t e  p o r t io n s ,  

u n le s s  o t h e r w is e  s p e c if ie d .
“S o d iu m  s u lf a t e  a n d  F lo r i s i l  in t im a te ly  m ix e d  b e fo re  p a c k in g  in  t ra p s .

2
2

I________ l_________ I
0 4 RET. TIME(MIN)

F ig u r e  1 . G a s  c h r o m a t o g r a m s  o f  s t a n d a r d s  a n d  c le a n e d  u p  e x t r a c t  f ro m  
s p ik e d  m e a t  f a t :  A ,  O r g a n o p h o s p h o r u s  p e s t ic id e  s t a n d a r d s :  (1 ) c h lo r p y -  
r ip h o s  (0 .1 5  n g ) , (2 )  b r o m o p h o s - e t h y l  (0 .2  n g ) , a n d  (3 )  e th io n  (0 .3  n g ) . B ,  
R e c o v e r y  e x t r a c t :  (1 )  c h lo r p y r ip h o s ,  (2 )  b r o m o p h o s - e t h y l ,  (3 )  e th io n , a n d  

(4 )  p ,p ' - D D E  a s  b a c k g r o u n d  r e s id u e  in  b la n k  m e a t  fa t .

2

0 3 6 0 3 6
RET. TIME (MIN)

F ig u r e  2 . G a s  c h r o m a t o g r a m s  o f  s t a n d a r d s  a n d  c le a n e d  u p  e x t r a c t  f ro m  
s p ik e d  m e a t  f a t :  A ,  O r g a n o p h o s p h o r u s  p e s t i c id e  s t a n d a r d s :  (1 )  D B B  (0 .4 7  
n g ) ,  a n d  (2 )  O C C  [0 .41  n g ) . B ,  S p ik e d  m e a t  fa t  e x t r a c t s :  (1 ) D B B ,  a n d  (2 )

D C C .

2

1

I________ i________ I
0 4 8RET. TIME(mIN.)

F ig u r e  3 .  G a s  c h r o m a t o g r a m  o f  t y p ic a l  s a m p le  e x t r a c t  c o n t a in in g  (1 )  
p ,p ' - D D E ,  a n d  (2 )  e th io n  r e s id u e s .
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meat fat sam ple containing 0.21 mg/kg o f ethion, and 0.04 mg/ 
kg o f  p ,p ' - D D E.

So far in our m onitoring program, w e have used one fused  
silica colum n (12 m x  0.33 mm id) containing a medium  
polarity bonded phase (BP 10), and an electron capture detec
tor. The fact that over 2000 sam ples have been injected on 
this system , w ithout any major contam ination problem s, is 
an indication o f  the cleanliness o f  the Unitrex extracts. Intro
duction o f a sam ple split system  at the capillary column outlet 
would permit more specific, simultaneous detection o f organo-

chlorine and organophosphorus pesticides, respectively , with  
an electron capture and N /P  detector.
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Gas Chromatographic and Mass Spectrometric Determination of Ametryn 
and Its (V-Dealkylated Products
PRO M OD E C. BARDALAYE, W IL L IS  B. W H E E L E R , and JAM ES L. T E M P L E T O N 1
U n i v e r s i t y  o f  F lo r i d a ,  D e p a r t m e n t  o f  F o o d  S c i e n c e  a n d  H u m a n  N u t r i t i o n ,  P e s t i c i d e  R e s e a r c h  L a b o r a t o r y ,
G a in e s v i l l e ,  F L  3 2 6 1 1

Gas chromatographic and mass spectrometric properties of ametryn 
and its A'-dealkylated products were studied to establish the potential 
use in a recently reported method describing the residue analyses of 
these compounds by gas chromatography with N-P detection. Electron 
impact mass spectra show base peaks at the molecular ion (M+), and 
methane chemical ionization mass spectra give base peaks at (M + 1) 
ion for all the compounds studied. Characteristic mass spectral frag
mentations of ametryn, GS-11354, GS-11355, and GS-26831 are pre
sented. Combined gas chromatography-mass spectrometry rather than 
gas chromatography alone provides unambiguous residue characteri
zation. The technique also allows quantitation of ametryn and its N - 
dealkylated products that cochromatograph with interfering materials 
present in a complex substrate.

Am etryn (2-m ethylth io-4-ethylam ino-6-isopropylam ino-s- 
triazine) is an econom ically important herbicide used for 
effective control o f  m ost annual broadleaf and grassy w eeds 
in a wide variety o f crops. Such s-triazine herbicides accounted  
for 28% o f  herbicide manufacture (1) in 1974.

Am etryn can be photodegraded, biodegraded, or m etabo
lized to a number o f /V-dealkylated products. For regulatory 
purposes in the United States, determination o f ametryn res
idues in different substrates must be augmented by the addi
tional determ ination o f the 3 known m etabolites, v iz ., 2- 
m ethylthio-4-am ino-6-isopropylam ino-j-triazine (G S-11354),
2-methylthio-4-amino-6-ethylamino-,s-triazine (GS-11355), and
2-m ethylthio-4,6-diam ino-y-triazine (GS-26831) (Ciba-Geigy 
Corp., 1980, personal com m unication), because o f  their 
potential mammalian toxicity as carcinogens. Although res
idue analysis for the parent com pound is w idely known (2,
3), an analytical m ethod measuring its m etabolites is lacking 
in the literature. A  previous com m unication (4, 5) from this 
laboratory described a facile gas chromatographic (GC) method 
for residue analysis o f  these chem icals in tropical root crops, 
taniers, yam s, and cassava. In the present work, w e report 
the m ass spectral properties o f  ametryn and its m etabolites 
under electron impact (E l) and m ethane chem ical ionization  
(Cl) m ass spectrom etry, and propose GC and mass spectro
metry (MS) for com plete and unequivocal characterization  
and determ ination o f  the herbicide and its degraded products.
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M ETHOD
Reagents

Pesticide-grade solvents were used throughout.
S ta n d a r d s .—Am etryn was obtained from U .S . Environ

mental Protection A gency; GS-11354, GS-11355, and GS- 
26831 were gifts from Ciba-Geigy Corp., PO B ox 11422, 
G reensboro, N C  27409.

S ta n d a r d  s o lu tio n s .— S to c k  s o lu t io n s .— 12 mg ametryn/25 
mL ethyl acetate-to lu en e (3 +  1 v/v); 9 mg G S -11354/25 mL  
ethyl alcohol; 5.9 mg G S-11355/25 mL ethyl alcohol; 4.4 mg 
GS-26831/25 m L ethyl alcohol. W orkin g  s o lu tio n s .— Make 
appropriate dilutions as needed in the same solvent.
Gas Chromatography

A H ewlett-Packard M odel 5840A gas chromatograph 
equipped with nitrogen-phosphorus detector M odel 18847A  
and a glass colum n, 70 cm x  2 mm id, packed with 5% DEG S- 
PS on 100-120 m esh Supelcoport (Supelco, Inc., B ellefonte, 
PA 16823) was used. Parameters were as follow s: gas flows 
(mL/min): helium carrier 30, hydrogen 3, air 50; temperatures 
(°C): colum n oven 200, injector 200, detector 300. Voltage to 
the detector w as adjusted for a current o f 1.6 x  10 11 amp or 
10% A U F S  at attenuation 25.
Mass Spectrometry

A Finnigan 4021 GC/MS instrument in the positive ion 
m ode w as used. Sam ples were introduced through the gas 
chromatograph equipped with a 183 cm x 2 mm id glass 
colum n o f 3% OV-17, under the follow ing conditions: helium  
carrier gas flow 20 m L/min, injection volum e 1 p.L, injection  
port temperature 200°C, and colum n oven  temperature pro
grammed from 150 to 225°C at 107min. Electron impact mass 
spectra were obtained at 70 eV . Chemical ionization mass 
spectra were obtained by using methane reagent gas at ion
izing gas pressure 0.2 torr.

Results and Discussion
Ametryn and the 3 known degraded products GS-11354, 

G S -11355, and GS-26831 are analyzed by GC with nitrogen- 
phosphorus detection and a colum n o f 5% D EG S-PS; Figure 
1 represents a typical chromatogram. A s low  as 0.3 ng each  
com pound gives an easily quantitatable, discrete peak. The 
detection limit, expressed  as ppm or mg/kg in different sub-
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Z>cc

MINUTES
F ig u r e  1 . G a s  c h r o m a t o g r a m  o f  m ix t u r e  o f  s t a n d a r d s  (2  n g  e a c h ) ;  a t t e n 

u a t io n  2 5, c o lu m n  p a c k in g  5 %  D E G S - P S .  F o r  d e t a i ls  s e e  M etho d

strates, depends on a number o f factors, v iz ., efficiency o f 
the solvent system  used for extraction, effectiveness o f the 
cleanup procedure, interferences contained in the cleaned up 
extract, GC injection volum e, and amount o f substrate rep
resented in the aliquot. A  GC injection volum e representing 
10 mg substrate could give a detection limit o f 0.03 ppm or 
0.03 mg/kg. A previous com m unication from this laboratory 
reported (4, 5) a detection limit o f 0.0024 mg/kg for ametryn 
and its m etabolites in tropical root crops, taniers. yam s, and 
cassava, by using ethyl acetate-to lu en e (3 +  1 v/v) extrac
tion, cleanup by gel perm eation chromatography on Bio- 
Beads S-X3 resin, and subsequent GC analysis o f an injection 
aliquot representing 125 mg crop. R ecoveries from fortified 
crops were reported (4, 5) to range from 67 to 11 \%  at levels  
of 0 . 1-1  mg/kg.

Figures 2 -5  represent the E l mass spectra o f  am etryn, GS- 
11354, GS-11355, and G S-26831, respectively , while Figures
6 -9  represent the m ethane C l mass spectra o f the same com 
pounds.

The E l-induced fragmentations o f ametryn are similar to 
its ch lorine-containing analogs and other disubstituted .v-tria- 
zines reported (6 ) in the literature. The molecular ion (M ' ) 
at m/z 227 is also the base peak. It further decom poses with 
loss o f CFI3 or CH ,— CH =  CH: to give the ions m/z 212 and m/ 
z  185, respectively , while the loss o f both gives the m/z 170 
ion. The M cLafferty rearrangement ion at m/z 185 expels 
SC H 3 to give the m/z 138 ion. A slightly different fragmen
tation pattern was noted (7) by other workers who used dif
ferent instruments and operating parameters. The methane 
Cl m ass spectrum o f ametryn gives an (M +  l)" ion at m/z 
228, which is also the base peak, and also gives the (M +  C2H5)'  
ion at m/z 256 and (M +  C3H 5) + ion at m/z 268 to confirm 227 
as the m olecular weight.

The E l mass spectrum o f G S -11355 gives the m olecular ion 
and base peak at m/z 185. L oss o f CH 3 and CH2 =  CH 2 gives 
the m/z 170 and m/z 157 ions, respectively , and loss o f both

F ig u r e  2 . E le c t r o n  im p a c t  m a s s  s p e c t r u m  o f  a m e t r y n , r e c o r d e d  fro m  4 5  to  3 0 0  m a s s  u n it s .
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Figure 3. Electron impact mass spectrum of GS-11354, recorded from 45 to 250 mass units.

Figure 4. Electron impact mass spectrum of GS-11355, recorded from 45 to 200 mass units.

entities produces the m/z 142 ion. The ion at m/z 110 can be 
explained on the basis o f expulsion of S C H 3 from the m/z 157 
ion. The methane C l mass spectrum of G S-11355 (molecular 
weight 185) conforms to the typical pattern with (M +  1)+ ion 
at m/z 186 and the sequence (M  + 29)+ and (M + 41)+ ions.

The E l  fragmentations o f GS-11354 (molecular weight 199) 
are also sim ilar to those o f the above compounds. The molec
ular ion is also the base peak. W ith a loss of C H 3, the ion m/ 
z 184 appears. The molecular ion also loses C H ,— C H  = C H 2 
to generate the m/z 157 ion which further expels S C H 3 to give

the m/z 110 ion. The methane C l mass spectrum gives the 
typical pattern with the base peak and (M +  1)+ ion at m/z 
200, and the sequence (M  + 29)+ at m/z 228 and (M  + 41)+ at 
m/z 240.

The E l  mass spectrum of GS-26831 (molecular weight 157) 
exhibits the base peak and molecular ion. How ever, the frag
mentation pattern influenced by the absence of N-alkylated 
chains furnishes spectral lines unlike those of its counterparts 
mentioned earlier. The ion at m/z 111 can be rationalized by 
the expulsion of S C H 3 and simultaneous addition of a proton
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Figure 5. Electron impact mass spectrum of GS-26831, recorded from 45 to 200 mass units.

Figure 6 . Chemical ionization mass spectrum of ametryn with methane reagent gas, recorded from 70 to 300 mass units.

in the molecular ion. The methane C l mass spectrum exhibits 
a typical sequential pattern that confirms the molecular weight 
of GS-26831.

It is worthwhile to mention that, in the absence of exact 
mass measurements and/or linked scans for confirmation, the 
assignments o f various fragmentation ions are only tentative. 
The methane C l mass spectra of the chemicals studied are 
dominated by their pseudomolecular ions, (M + 1) +. B y  selec
tive monitoring of this ion in G C/M S, the detection limit was

0.5 ng for the chemicals studied. Th is limit corresponded to 
0.005 mg/kg when 100 mg substrates were used as the injec
tion aliquot. Plotting reconstructed ion current with specified 
injected quantities against mass spectral scan numbers and 
retention times, with peaks identified by scan numbers, gave 
reproducible results.

The mass spectral sensitivity of ametryn and its /V-dealkyl- 
ated products in the positive ion mode of electron impact 
and/or chemical ionization mass spectrometry has potential
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Figure 7. Chemical ionization mass spectrum of GS-11354 with methane reagent gas, recorded from 70 to 250 mass units.

Figure 8 . Chemical ionization mass spectrum of GS-11355 with methane reagent gas, recorded from 70 to 250 mass units.

advantageous use for detection of the herbicide and its met- 
abolities by selective ion monitoring in low concentration and 
in complex matrices How ever, for precise confirmation, 
spectra must be obtained in the presence of co-extractives, a 
task precluded in the present work due to absence of any 
such interferences in the substrates studied, v iz ., taniers, 
yams, and cassava.
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Figure 9. Chemical ionization mass spectrum of GS-26831 with methane reagent gas, recorded from 70 to 200 mass units.
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Determination of Captan, Folpet, and Captafol in Fruits and Vegetables, Using Two 
Multiresidue Methods
DALIA M. GILVYDIS and STEPHEN M. WALTERS
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  P e s t i c i d e  a n d  I n d u s t r i a l  C h e m i c a l  R e s e a r c h  C e n t e r ,  1 5 6 0  E  J e f f e r s o n  A v e ,  
D e t r o i t ,  M I  4 8 2 0 7

Two multiresidue methods, the Mills method and the Luke et al. 
method, are widely used for the determination of pesticides in foods. 
These methods were evaluated for the determination of the fungicides 
captan, folpet, and captafol in selected fruits and vegetables. The 
analytical behavior of standards through these methods was investi
gated first. Recoveries from apples, strawberries, lettuce, and tomatoes 
fortified with these compounds at levels of 0.2-5.9 ppm were then 
obtained. The analytes were quantitated by gas chromatography with 
electron capture detection, using a column of 5% SP-2401 on 100-120 
mesh Supelcoport. Recoveries of captan, folpet, and captafol from 
fortified crops ranged from 69 to 78, 90 to 93, and 67 to 83%, respec
tively, by the Mills procedure and from 87 to 102, 81 to 106, and 91 to 
109%. respectively, by the Luke et al. method modified to include 
additional solvent elution of the optional Florisil column.

Captan (7V-(trichlorom ethylthio)-4-cyclohexene-l ,2-dicar- 
boximide), folpet (N-(trichloromethylthio)phthalimide). and 
captafol ( N -{\ , l,2,2-tetrachloroethylthio)-4-cyclohexene-l ,2- 
dicarboximide) are used as broad-spectrum protective fun

Received December 27, 1983. Accepted April 16, 1984.

gicides for the control o f various diseases o f agricultural 
crops. The 3 compounds are structurally related, having in 
common the phthalimide-type skeleton. Gas chromato
graphic-electron capture detection (G C -EC D ) methods have 
been described for determining the individual fungicides (1-
6). Simultaneous determination by G C -E C D  of captan, fol
pet, and captafol in various crops has been described by 
Pomerantz et al. (7) and Baker and Flaherty (8). Liqu id  chro
matographic separation of the 3 fungicides by using photo
conductivity detection (9) and photoconductivity in tandem 
with ultraviolet detection (10) has also been reported.

We recently reported the G C  behavior of the 3 fungicides 
on stationary phases o f various polarity (11). The column we 
had found to be most suitable for the quantitation of these 
compounds was used for the G C -E C D  determinations made 
in the present investigation.

The official multiresidue method for organochlorine and 
organophosphorus pesticides (12), often referred to as the 
M ills method, and the method of Luke  et al. (13, 14) are 
routinely used for residue surveillance by the Food and Drug
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Administration (F D A ). These methods have been adopted in 
Vo l. I  o f the F D A  Pesticide Analytical Manual (PAM  I) (15). 
The M ills method is prim arily useful in the determination of 
relatively nonpolar chem icals, whereas the method of Luke 
et al. is potentially capable of determining almost all nonpolar 
as well as the most polar pesticides. Minimal data are avail
able concerning the recoveries o f captan, folpet, and captafol 
through the 2 procedures. The purpose of the present work 
was to determine the suitability of these methods for the 
quantitative determination of the 3 fungicides in selected 
fruits and vegetables.

The crops selected for this study represented 2 categories 
each of fruits and vegetables: large, firm fruits (apples), small, 
soft fruits (strawberries), leafy vegetables (lettuce), and non- 
leafy vegetables (tomatoes). One or more of the 3 fungicides 
is commonly applied to all o f these crops (16). The current 
Environm ental Protection Agency (E P A ) tolerances range 
from 0.25 ppm captafol in apples to 100 ppm captan in lettuce. 
Tolerances are generally in the range of 15-50 ppm for most 
fruits and vegetables. H ow ever, in the authors’ experience, 
residues o f these compounds are generally less than 5 ppm 
and often less than 1 ppm. Fortifications were therefore made 
at levels more consistent with these expected findings. Accu
rate quantitation of residues detected at much higher levels 
would like ly require adjustment o f the sample size and/or 
extraction solvent volume to yield a concentration in the ppm 
range evaluated here.

Experimental
R e a g e n t s  a n d  A p p a r a t u s

(a) Stock solutions.—Individual solutions of each of the 3 
fungicides (100 p,g/mL benzene) prepared from E P A  refer
ence standards and stored in refrigerator at -7 °C .

(b) Fortifying solutions.—M ixtures of the 3 compounds 
prepared by diluting suitable aliquot of each stock solution 
with isooctane for use with the M ills method, or with acetone 
for use with the Lu ke  et al. method.

(c) Standard solution for GC quantitation.—M ixture con
taining ca 0.2 gg/mL each of captan and folpet and ca 0.4 p.g 
captafol/mL prepared from stock solutions by dilution with 
isooctane.

(d) Gas chromatograph.—Hewlett Packard 5880A  equipped 
with 63N i constant current electron capture detector and Level 
4 data station. Carrier gas argon-methane (95 + 5) at flow 
rate of 30 mL/min. Temperatures (°C)— injector 200, detector 
340, oven 175 for captan and folpet and 195 for captafol. 
Output of detector adjusted to produce ca 40 and 60% full 
scale recorder deflections at oven temperatures of 175 and 
195°C, respectively, for 0.5 ng chlorpyrifos.

(e) GC column.—G lass, 6 ft x  2 mm id, packed with 5% 
SP-2401 on 100-120 mesh Supelcoport. Column was prepared 
and conditioned as previously described (11).

P r o c e d u r e
Both methods were evaluated following the procedures as 

described in PA M  I  (15). F lo ris il column cleanup procedures 
used with the M ills method (sec. 212.1) included both the 
specified 3-stage ethyl ether-petroleum ether elution systems 
(sec. 211.14d), and the alternative 3-stage methylene chlo- 
ride-hexane-acetoni:rile elution system (sec. 252.101). The 
optional F lo ris il column cleanup (sec. 212.24) specified in the 
Lu ke  et al. method (sec. 212.2) was modified to include elu
tion with 200 m L  50% ethyl ether in petroleum ether in addi
tion to the specified single elution with 200 m L 15% ethyl

ether in petroleum ether. The F lo ris il used was fu lly activated 
and tested for suitability as specified in the methods.

Each  method was evaluated by first determining the ana
lytical behavior of added standards, in the absence of any 
crop material, through the aqueous-organic partitioning step 
and the F lo ris il column cleanup step individually. Subse
quently, recoveries from fortified samples of blended, 
homogenized composites of fresh produce were determined 
by each method. Fortifications were made directly onto the 
crops before the blending operation, and the fortified samples 
were taken through the entire method including extraction, 
aqueous-organic partitioning, and F lo ris il column cleanup. 
A ll determinations were made in duplicate.

Results and Discussion
M i l l s  M e t h o d

A  single partitioning of added standards from the aqueous 
acetonitrile phase (200 m L acetonitrile and 80 m L  water with 
no crop present) with 100 m L petroleum ether, as specified 
by the method, resulted in average recoveries of 35.6% (35.5, 
35.7), 77.4% (76.4, 78.4), and 53.3% (53.9, 52.7) o f added 
captan, folpet, and captafol, respectively (Standards were 
added at levels o f 20-40 p-g, equivalent to 0 .2-0 .4  ppm in 100 
g sample.) Four additional petroleum ether partitionings (100 
m L each) extracted a total of 73.8% (72.7 ,75.0) captan, 98.0% 
(96.3, 99.6) folpet, and 84.4% (83.9, 84.8) captafol. Since 
captan and captafol are more polar than folpet, considerable 
amounts o f the former 2 compounds were retained in the 
aqueous acetonitrile phase even after 5 extractions with 
petroleum ether.

Elution characteristics and recovery of standards from the 
F lo ris il column, using both ethyl ether-petroleum ether elu
tion and the alternative elution system, are summarized in 
Table 1. Recoveries o f captan and captafol were complete in 
the 50% ethyl ether eluate but were significantly lower in the 
No. 3 alternative eluate. Folpet recoveries were complete in 
both systems but were split between the second and third 
eluates in each case.

Recoveries from fortified crop samples (100 g each), using 
a single 100 m L petroleum ether extraction of the aqueous 
acetonitrile phase as specified by the M ills method, are shown 
in Table 2. Recoveries o f captan and captafol were erratic 
and generally incomplete using either of the 2 F lo ris il elution 
systems. Folpet recoveries exceeded 90% with the ethyl ether- 
petroleum ether system but were considerably lower with the 
alternative system. Significant losses, especially for captan 
and captafol, were anticipated in view of the low recoveries 
obtained in the aqueous acetonitrile-petroleum ether parti
tioning study on standards alone, as discussed earlier. The 
recoveries o f all 3 compounds through the entire M ills method 
increased substantially in the presence of crop substrate com
pared with the recoveries of standards alone through the 
aqueous acetonitrile-petroleum ether partitioning step. The 
extractability o f these relatively polar compounds by the 
M ills method is apparently affected to significantly different 
degrees by the presence of different crop matrices. When 
used for the determination of nonpolar pesticides, the M ills 
method consistently yielded complete (~  90% or better) 
recoveries from fortified fruits and vegetables in the authors’ 
laboratory.

L u k e  e t  a l .  M e t h o d
The latest revision of the Lu ke  et al. method (14), which is 

described in sec. 232.4 of PAM  I (15), permits rapid residue 
screening without F lo ris il cleanup in many cases. Th is is
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Table 1. Recoveries (%)* of added standards from Florisil column, using (A) ethyl ether-petroleum ether (Mills method) and (B) alternativemethylene chloride-hexane-acetonitrile elution systems

Fungicide Added,

Eluate

Total

Eluate

Total6% 15% 50% r 2d 3“

Elution System A Elution System B

Captan 20 0,0 0,0 104, 101 104, 101 0,0 0, 0 81.1, 74.6 81.1, 74.6
Folpet 20 0,0 63.5, 47.9 25.3, 52.5 88.8, 100.4 0,0 88.4, 84.3 7.4, 7.9 96.2, 92.2
Captafol 40 0,0 0,0 97.6, 91.2 97.6, 91.2 0,0 0,0 83.8, 86.9 83.3, 86.9

“Duplicate determinations.
‘ Standards were added in 1.0 mL isooctane to Florisil column that was prewashed with petroleum ether for system A and with hexane for system B. 
“20% methylene chloride in hexane.
"50% methylene chloride-0.35% acetonitrile-49.65% hexane.
“50% methylene chloride— 1.5% acetonitrile-48.5% hexane.

Table 2. Recoveries (%)“ from fortified crop samples analyzed by Mills method, using both (A) specified ethyl ether-petroleum ether and (B) alternative methylene chloride-hexane-acetonitrile elution systems for Florisil column cleanup
Fungicide Crop

Added,
ppm System A (Eli_ate)‘ System B (Eluate)“

Captan apples 0.20 78.5, 69.0 (50%) 45.0, 49.5 (3)
lettuce 0.20 ND — 50.2, 50.5 (3)
strawberries 0.49 74.4, 72.8 (50%) ND —

Folpet apples 0.20 80.4, 67.1 (15%) 73.9, 82.0 (2)
13.1,22.8 (50%) 7.5, 4.3 (3)
93.5, 89.9 Total 81.4, 86.3 Total

lettuce 0.20 ND 80.9, 70.8 (2)
5.0, 3.0 (3)

85.9, 73.8 Total
strawberries 0.49 76.3, 73.4 (15%) ND

15.0, 16.8 (50%)
91.3, 90.2 Total

Capta'ol apples 0.24 80.7, 83.1 (50%) 85.4, 89.6 (3)
tomatoes 0.40 71.3, 67.0 (50%) 79.8, 69.5 (3)

“Duplicate determinations.
‘ Captan and captafol eluted in the 50% eluate only. Folpet eluted in tne 15 and 50% eluates only. 
“Captan and captafol eluted in eluate 3 only. Folpet eluted in eluates 2 and 3 only.

particularly advantageous for compounds not recoverable 
from F lo ris il or charcoal columns, but requires the use of a 
more specific G C  detector. The absence of F lo ris il cleanup 
often results in m atrix effects on quantitation and in rapid 
column deterioration. Captan, folpet, and captafol were com
pletely recoverable through F lo ris il cleanup, which permitted 
the use of E C D  and eliminated any apparent matrix effects 
on column or detector performance. Inclusion of the optional 
F lo ris il cleanup in this evaluation was therefore deemed 
desirable.

Extraction  of added standards from the aqueous acetone 
phase (200 m L  acetone and 80 m L water with no crop present) 
with petroleum ether and methylene chloride, as specified by 
the method, resulted in recoveries ranging from 98.1 to 101.1% 
for captan, 100.1-103.6% for folpet, and 103.5-106.4% for 
captafol. (Standards were added at levels of 20-590 p.g, equiv
alent to 0 .2-5 .9  ppm in 100 g sample.)

Recoveries o f added standards (in the absence of crop 
material) through the combined aqueous to organic partition
ing step and optional F lo ris il cleanup step are shown in Table
3. Although the F lo ris il cleanup in the Luke  et al. method 
specifies a 15% ethyl ether in petroleum ether elution only, a 
50% ethyl ether elution was added since it was found to be 
required for complete recoveries of the fungicides from the 
F lo ris il column. The elution patterns differ between the 2 
methods because the Lu ke  et al. method specifies placing the 
extract on the F lo ris il column in a 10% acetone in petroleum 
ether solution, whereas the M ills method specifies a petro
leum ether solution at that stage. Due to the presence of the 
relatively polar acetone, the fungicides elute faster in the

Lu ke  et al. method. The result is a splitting of captan and 
captafol between the 15 and 50% ethyl ether eluates, and a 
larger portion of folpet in the 15% eluate as compared with 
the M ills method.

The data in Table 3 also suggest that the fungicides elute 
faster as a result o f increasing their amounts on the column, 
i .e ., increases o f more than 20-fold in added amounts resulted 
in 5-15% increases in recoveries in the 15% ethyl ether eluates. 
Th is may be related to the adsorptive capacity of the F lo risil 
column.

Recoveries from fortified crop samples (100 g each) are 
shown in Table 4. The apples and strawberries used in this 
study each contained about 0.04 ppm of field-incurred resi
dues o f captan, and recoveries were therefore corrected 
accordingly. W ith the exception of the slightly lower recov
eries of captan and folpet from apples, all recoveries exceeded 
90%. A  25-fold increase in the fortification level (from 0.2 to 
> 5 ppm in tomatoes) caused no significant difference in 
recoveries. The presence of crop substrate had no apparent 
effect on the F lo ris il column elution patterns relative to stan
dards alone, nor were the individual fungicide recoveries 
through the entire method seriously affected by crop material.

Summary and Conclusions
Due to their relatively high polarity, captan, folpet, and 

captafol were only partially extracted (<  80%) in the aqueous 
acetonitrile to petroleum ether partitioning step specified in 
the M ills method. Recoveries of these compounds were 
therefore incomplete through the M ills method, but were 
significantly enhanced when co-extracted plant material was
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Table 3. Recoveries (%)* of added standards through Luke et al. method, using modified Florisil column elution system11

Eluate

Fungicide Added, ng 15% 50% Total

Captan 20 53.4, 52.9 41.8,41.2 95.2, 94.1
536 62.1,54.3 35.2, 35.0 97.3, 89.3

Folpet 20 82.8, 84.6 17.0, 14.7 99.8, 99.3
420 101.2,94.9 0,0 101.2, 94.9

Captafol 37 41.1,41.9 56.2, 53.4 97.3, 95.3
588 56.6, 50.1 44.1,43.9 100.7,94.0

"Duplicate determinations.
“Modified to include 2C0 mL 50% ethyl ether-petroleum ether eluate in 
addition to specified 15% eluate.

Table 4. Recoveries from fortified crop samples analyzed by Luke et al. method, us ng modified Florisil column elution system
Added,

Fungicide Crop ppm Reed, %"

Captan tomatoes 0.20 101.1, 100.5
tomatoes 5.36 102.5, 98.9
apples 0.20 86.6, 91.0
lettuce 0.20 92.0, 92.0
st-awberries 0.40 91.0, 90.3

Folpet tomatoes 0.20 103.0, 105.6
tomatoes 4.20 104.3, 101.4
apples 0.20 81.4, 84.9
lettuce 0.20 90.4, 97.0
strawberries 0.40 98.7, 101.3

Captafol tomatoes 0.37 101.6, 98.6
tomatoes 5.88 108.9,104.6
apples 0.37 96.8, 93.3
lettuce 0.37 91.2, 90.6
strawberries 0.75 92.2, 97.5

"Duplicate determinations. Results presented are summed totals of 
recoveries in 15% ethy and 50% ethyl ether in petroleum ether.

present, i .e . , in fortified crop samples. A ll 3 compounds were 
completely recovered (>  90%) through the Mills method Florisil 
column cleanup step using the specified 3-phase ethyl ether- 
petroleum ether elution system, but substantial losses of cap- 
tan and captafol occurred with the use o f the alternative 
methylene chloride-hexane-acetonitrile elution system.

The Lu ke  et al. method, which specifies the use of the more 
polar methylene chloride extraction solvent for the aqueous 
to organic partitioning step, provided complete recovery (~  
100%) of all 3 compounds. However, substantial recovery 
losses occurred, especially for captan and captafol, with the

use of the optional F lo ris il column cleanup step specified in 
the Lu ke  et al. method. Th is was surmounted by the inclusion 
of a final F lo ris il column elution with 200 m L 50% ethyl ether 
in petroleum ether ( i .e ., the final eluate in the M ills solvent 
system) in addition to the 15% ethyl ether elution specified 
by Lu ke  et al. The combination of the Lu ke  et al. method, 
additional elution of the optional Lu ke  et al. F lo ris il column 
with the M ills 50% ethyl ether eluate, and G C -E C D  deter
mination using an SP-2401 packing (as previously described 
by the authors (11)) provides reliable quantitative determi
nation of captan, folpet, and captafol in extracts of a variety 
of fruits and vegetables. A  major advantage attained from 
using multiresidue methods for this analysis is that it permits 
the concurrent, routine screening for numerous other pesti
cides of interest, provided their analytical behavior through 
the methods has been established.
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COSMETICS
Liquid Chromatographic Determination of Benzoyl Peroxide in Acne Preparations
CHIH-KUANG CHOU and DAVID C. LOCKE
C i ty  U n i v e r s i t y  o f  N e w  Y o rk , Q u e e n s  C o l l e g e ,  D e p a r t m e n t  o f  C h e m is t r y ,  F lu s h in g ,  N Y  1 1 3 6 7

A rapid, precise, and accurate liquid chromatographic (LC) method is 
described for the determination of benzoyl peroxide (BP) in acne prep
arations. BP is extracted from a water dispersion of the preparation 
with dichloromethane (DCM), and an aliquot is eluted from a C-18 
reverse phase LC column with acetonitrile-0.10M  aqueous NaC104. 
Selective and sensitive quantitation is accomplished with a reductive 
mode electrochemical detector. This detector is an order of magnitude 
more sensitive than a 240 nm UV absorption detector; the lower limit 
of detection is 2 ng for a 4 p L  injection. The recovery of BP is 99.4% 
and the detector response is linear to at least 2 pg  per 4 pL  injection.

Benzoyl peroxide (B P ) is used in acne creams and lotions 
because it acts as an irritant to the skin, producing high 
epithelial cell growth rates and promoting sloughing and 
expulsion o f comedones (1). Conventional methods for the 
assay of B P  in such preparations include spectrophotometry 
using N , N ' -di(2-naphthyl)-phenylene- 1,4-diamine reagent (2), 
iodometric titration (3), and polarography (4).

Liquid chromatography (L C )  with a U V  detector has been 
applied to the determination of B P  in acne preparations (5,
6). The use o f L C  with an electrochemical (E C ) detector, 
however, offers selectivity and sensitivity improved over the 
published methods.

M ETH O D

A p p a r a t u s  a n d  R e a g e n t s
(a) L i q u i d  c h r o m a t o g r a p h .—Laboratory-assembled from 

Varian Model 8500 pump; Rheodyne Model 7125 injection 
valve ; M icrom eritics Model 786 U V  detector set at 240 nm; 
and custom-built (o f Delran polyacetal) 3-electrode E C  detec
tor sim ilar in design to the Bioanalytical System s’ E C  detec
tor, with Vs in. diameter (0.08 sq. cm) Au amalgam wording 
electrode, 1 mm diameter Pt auxiliary electrode, and Ag/AgCl 
(3.5M KC1) reference electrode. Working electrode potential 
maintained at -0 .1 5  V  vs reference with Princeton Applied 
Research Model 364 polarographic analyzer potentiostat in 
normal dc mode. Voltammetric reduction currents measured 
with Keith ley Instruments Model 150B amplifier. U V  detec
tor placed downstream of E C  detector. Separate Linear 
Instruments Model 1200 strip-chart recorders used for each 
detector.(b) L C  c o l u m n .—Whatman Partisil 10/25 ODS-3, 25 cm x
4.1 mm id. Operating conditions: flow rate 90 m L/h; temper
ature ambient; chart speed 4 min/cm. Retention time of B P  
ca 15 min.

(c) L C  m o b i l e  p h a s e . —Distilled-in-glass acetonitrile (Bur
dick and Jackson Lab s , In c ., Muskegon, M I 49442)-0.10M 
NaC104 (50 + 50) purged in pump reservoir with high purity 
N 2 for 30 min before use to remove dissolved 0 2.(d) W o r k i n g  s t a n d a r d  s o l u t i o n .— B P  purified by precipi
tation from CHC13 solution by addition of methanol. C a u t io n :  
Dry B P  may explode spontaneously (7). Suspend 50 mg B P  
(accurately weighed) in 50 m L  water. Add 50.0 m L dichlo
romethane (D CM ) (Burd ick and Jackson Distilled-in-Glass) 
and shake to extract B P . W ithdraw lower DCM  layer with 
syringe and store in 50 m L  volumetric flask.

Received June 30, 1983. A ccepted April 11, 1984.

E x t r a c t i o n
Accurately weigh samples of lotion or cream containing ca 

5 mg B P  into 16 x  150 mm screw-cap culture tubes. Add 5 
m L  water and shake to dissolve or disperse. Add 5 m L  DCM  
and shake 10 min on automatic shaker. Centrifuge 3 min at 
2000 rpm to separate layers. Withdraw lower D CM  phase 
with syringe and transfer to clean 16 x  150 mm culture tubes. 
Store capped at 5°C until ready for injection into L C  appa
ratus.

L i q u i d  C h r o m a t o g r a p h y
Inject exactly 4 p L  aliquots o f standard solution into L C . 

Measure B P  peak heights to ± 0.5 mm and calculate average 
peak height, h s. S im ilarly , inject exactly 4 p L  aliquots of each 
product extract solution and determine average peak height, 
hp. Calculate %  B P  = w f J i f h f i M w f )  x 100, where ws is wt 
(mg) of pure B P  extracted into 50.0 m L D CM  used to prepare 
standard, and w , is product sample wt (mg).

I o d o m e t r i c  T i t r a t io n
Fo r comparison with an independent method (3), each 

product was assayed titrim etrically in quadruplicate as fol
lows: Accurately weigh sample o f acne cream or lotion equiv
alent to ca 250 mg B P  into 100 m L beaker. Add 30 m L acetone 
and stir to dissolve. Transfer mixture quantitatively to 100 
m L volumetric flask, rinsing beaker with four 10 m L portions 
o f acetone, and dilute with acetone. Pipet 10.0 m L  acetone 
solution into 125 m L Erlenm eyer flask, add 2 m L  20% K I  
solution, and let stand 15 min in dark. Add 25 m L acetone 
and titrate liberated iodine with standard 0.01N Na2S20 3 to 
disappearance of yellow I 2 color. Repeat procedure on stan
dard solution containing 250 mg pure B P  in acetone.

L i n e a r  R a n g e
Prepare 4 B P  solutions containing 550, 110, 22, and 4.4 ng/ 

p L  by dissolving 5.5 mg B P  in 10 m L DCM  and making 3 
successive 1:5 cilutions with D C M . Inject 4 p L  aliquots into 
L C  system, repeating each 5 times, and determine average 
peak heights.

P o t e n t i a l  I n t e r f e r e n c e s
Dissolve 8 mg B P , 5 mg benzoic acid, 6 mg perbenzoic 

acid, 7 mg benzoic acid anhydride. 6 mg benzil, and 80 mg 
benzene in 5 m L  D C M . Inject 2 p L  aliquot into L C  system.

P a r t i t i o n  S t u d y
Dissolve 50 mg (accurately weighed) B P  in 50.0 m L  D CM . 

Inject exactly 4 p L  into L C  system. Inject exactly 4 p L  
working standard solution into L C  system. Repeat both injec
tions 3 times and determine average peaks.

R e c o v e r y  S t u d y
Suspend 2 g (accurately weighed) lotion in 100 m L water 

with shaking, and extract with 100 m L D C M , proceeding as 
above. Suspend 1 g (accurately weighed) lotion to which has 
been added 50 mg (accurately weighed) B P , in 100 m L water, 
and proceed as above. Inject into L C  system exactly 4 p L  
aliquots o f these D CM  solutions and B P  standard solution.
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Figure 1. Separation of potential interferences by using ECD (upper) and UVD (lower). ECD sensitivity, 2 pamp full scale; UVD sensitivity, 0.50 AUFS. Peak identification: (a) benzoic acid; (b) benzene; (c) benzil; (d) benzoic acid anhydride; »  perbenzoic acid; and (bp) benzoyl peroxide.

Repeat injections 6 times, average peak heights, and calculate 
percent recovery.

Results and Discussion
Selectivity o f the L C  system and specificity o f the E C  

detector relative to the U V  detector are evident in Figure 1. 
The UV-absorbing compounds shown are conceivable impur
ities or decomposition products of B P . A ll are well separated

ECD

UVD

Figure 2. Chromatogram of BP in DCM extract of product 2: ECD (upper) and UVD (lower). ECD sensitivity, 1 pamp full scale; UVD sensitivity, 0.50AUFS.

from the B P  peak. The E C  detector responds only to B P , 
perbenzoic acid, oxygen dissolved in the sample, and, with 
much reduced sensitivity , to benzoic acid, at -0 .1 5  V  vs the 
reference electrode. Specificity could be increased by 
decreasing the applied potential at the expense of sensitivity 
to B P ; however, the L C  separation obviates the need for this.

Figure 2 shows chromatograms of product 2 extracts mea
sured on both detectors. No differences in peak area from a 
particular detector were noted if  the sequence of detectors in 
the flow stream was reversed, indicating insignificant altera
tion of B P  in either detector. In practice, either detector could 
be used alone unless one needed the additional sensitivity 
and specificity o f the E C  detector.

The plot of peak height vs weight B P  injected is a straight 
line for both detectors up to at least 2 |xg B P  injected. Detec
tion lim its, expressed as weight B P  producing a peak height
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Table 1. Analysis of 4 acne preparations for benzoyl peroxide (BP)

Product

% BP (std dev.)a

LC-ECD LC-UVD lodometry

1 11.3 (0.301) 11.3 (0.288) 11.2 (0.0753)
2 11.6 (0.232) 11.9 (0.313) 11.3 (0.0696)
3 5.05 (0.203) 5.08 (0.262) 5.03 (0.0300)
4 5.17 (0.185) 5.13(0.214) 5.10(0.0254)

“Based on 5 injections each of triplicate samples of each product, and 4 
iodometric titrations each.

tw ice the noise level, are 2 ng per 4 ptL injection for the E C  
detector and 20 ng per 4 p ,L injection for the U V  detector.

The partition study showed 98.5% transfer of B P  from 
aqueous to D C M  phases, i .e ,, essentially quantitative extrac
tion. The recovery o f B P  from the spiked sample was 99.4%.

Table 1 gives the results o f analysis of 4 acne products by 
the L C  method with each detector and by iodometric titra
tion. The first 2 products contain nominally 10% B P  and the 
other 2 contain nominally 5% B P , by label. The results o f the

3 methods are in agreement for each product. There is no 
statistical difference in the precision of the 2 L C  methods.
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OILS AND FATS
Liquid Chromatographic Determination of Adulteration of Sesame Oil
LI MING HAN1 and JAMES M. ADAMS
U.S. Customs Laboratory, 6 World Trade Center, New York, N Y  10048
A liquid chromatographic (LC) procedure is presented for quantitative 
determination of adulteration of sesame oil with soybean oil. A portion 
of the oil is dissolved in chloroform, diluted in the eluant 2-propanol- 
acetone-methanol-acetonitrile (1 + 2 + 3 + 4), and subjected to 
reverse phase LC . A linear calibration curve is prepared by chroma
tographing known mixtures of the 2 oils and plotting the volume percent 
of sesame oil against the peak height ratio of a selected pair of peaks. 
The relative standard deviation, based on 4 determinations of each of 
8 sample mixtures, is less than 2.5% and the correlation coefficient is 
99%. Because the LC  curve for a given vegetable oil is characteristic 
and reproducible, the procedure can be extended to detect the adul
teration of sesame oil with oils other than, or in addition to, soybean
oil. An example of adulteration with rapeseed oil, in addition to soybean 
oil, is discussed.

Sesame seed oil is w idely used for cooking oriental foods and 
in salad dressing formulations. The popularity of oriental 
foods in the United States is increasing, and there has been 
an increasing demand for sesame oil, resulting in importation 
of greater amounts. As has been observed for olive oil, demand 
and high price can lead to the adulteration of imported oil by 
mixing with more plentiful, less expensive oils.

U .S . Customs Service laboratories must be aware of adul
teration of vegetable o ils, because an artificial mixture of oils 
is dutiable at a rate not less than that for the component 
subject to the highest rate. Thus, the presence of soybean oil 
in a mixture with sesame oil w ill result in an increase in duty 
from 0.70 per pound (pure sesame oil) to 22.5% of the value 
of the shipment, a very significant increase.

Fo r many years, naturally occurring fats and oils have been 
characterized and identified by their fatty acid composition, 
using gas chromatography (1, 2). Recently, liquid chroma
tography (L C ) , in the reverse phase mode, has been used for 
rapid separation of the natural triglycerides by acyl chain 
length and degree of unsaturation (3-8).

Th is paper describes a relatively simple and rapid method 
for the qualitative detection of adulteration of sesame oil and 
the quantitative determination of the extent of adulteration 
when the adulterant is soybean oil.

M ETH O D

A p p a r a tu s
(a) L i q u i d  c h r o m a t o g r a p h — W a te r s  Associates Model 201, 

or equivalent, equipped with Model 6000A solvent delivery 
system (pump), Model U 6 K  universal injector, and Model 
R401 differential refractive index detector (Waters Associ
ates, M ilford, M A  01757). Operate chromatograph isocrati- 
cally at flow rate of 1 m L/m in, ambient temperature.

(b) C h r o m a t o g r a p h i c  c o l u m n . — Supelcosil LC-8 column, 
15 cm x  4.6 mm (id), or equivalent (Supelco In c ., Supelco 
Park , Bellefonte, P A  16823).

(c) R e c o r d e r .— Omniscribe dual pen recorder or equiva
lent, set at 0.5 cm/min (Houston Instrument, One Houston 
Sq, Austin , T X  78753).
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Ferry, NY 10522.

(d) U l t r a s o n i c  c l e a n e r .— Model S S-116 (Sonix IV ,  Ingle- 
wood, C A  94303). Fo r degassing solvent.

R e a g e n ts
(a) S o l v e n t s . —  D istilled-in-glass 2-propanol, acetone, 

methanol, and acetonitrile (Burd ick and Jackson Laborato
ries, In c ., Muskegon, M I 49442); chloroform, hexane, reagent 
grade (M allinckrodt In c ., St. Lo u is , MO 63147).

(b) L C  e l u a n t .—2-Propanol-acetone-methanol-acetoni- 
trile (1 + 2 + 3 + 4, by volume), premixed, allowed to stand 
overnight, and degassed before use.

(c) O il  e x t r a c t s  ( s t a n d a r d s ) . — C r u s h  a quantity of com
mercial dry soybeans or unroasted sesame seeds in large, 
metal mortar. Extract ground seeds 6 h with hexane in Soxhlet 
extractor. F ilte r extract into beaker, dry on steam bath until 
odor o f hexane has disappeared, and transfer oil to screw- 
cap via l.

P r e p a r a t io n  o f  C a lib r a t io n  C u r v e
(a) S t o c k  s o l u t i o n . — Pipet 0.2 m L of each extracted (stan

dard) oil into clean, dry test tube and dilute with 0.2 m L 
CHC13. Prepare fresh for each curve.

(b) W o r k i n g  s o l u t i o n . — Using syringe, pipet appropriate 
amount (p L )  o f stock solution of each oil into clean, dry test 
tube to prepare binary mixtures containing 20-70% sesame 
oil by volume, at 10% increments. Dilute with 100 p L  CHC13 
and 800 p L  L C  eluant and m ix thoroughly by shaking. Con
centration of oil in working solution is comparable to that 
used for sample analysis (see A n a l y s i s . )  Prepare fresh w ork
ing solution for each curve.

(c) C a l i b r a t i o n  c u r v e .— Inject 20 p L  each working solution 
into L C  apparatus. Chromatogram shows peaks o f separated 
triglycerides present and is sim ilar to those shown in Figure 
1 (sesame oil) and Figure 2 (soybean oil). Ratio of peak 2 (C 42) 
height to peak 4 (C 46) height is linear when plotted against 
volume percent of sesame oil.

A n a ly s is
Pipet ca 50 p L  oil into clean, dry test tube. Dissolve oil in 

200 p L  C H C I3 and dilute with 800 p L  L C  eluant. Inject 20 
p L  sample (solution) into L C  system. Calculate observed 
peak height ratio (C 42/C46) and determine volume percent ses
ame oil present from calibration curve.

Results and Discussion
Figures 1 and 2 show the distinctly different chromato

grams of pure sesame and soybean oils. Under the chro
matographic conditions used here, it has been established 
that the saturated triglycerides are separated according to the 
total number of carbons present in the acyl chains. The pres
ence of an u n s a t u r a t e d  fatty acid in the triglyceride, however, 
w ill contribute to the total number of carbons as though the 
acyl chain were composed of 2 fewer carbons for each double 
bond present (3-9). The assignment of an equivalent acyl 
carbon content, or “ E C N ”  (5), to the chromatographic peaks 
observed for sesame seed oil and soybean oil was confirmed 
in this study by the chromatographic behavior of the known
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MINUTES
Figure 1. Liquid chromatogram of oil from sesame seeds. See text for peak description.

Table 1. Peak ratio (C42/C46) of sesame oil and soybean oil
Oil Detns Mean SD RSD, % Range

Sesame 10 0.496 0.036 7.2 0.44-0.55
Soybean 9 1.253 0.039 3.1 1.21-1.34

triglycerides trim yristin (C 42) and tripalmitin (C 48) and by com
parison with the pattern observed for olive oil and the E C N  
assignment by Supelco (8). Thus, peaks numbered 1, 2, 3, 
e tc ., correspond to E C N  values of 40, 42, 44, e tc ., respec
tively.

Fo r a pure o il, the ratio o f any 2 peak heights in the same 
chromatogram is essentially constant and reproducible in 
successive determinations. Table 1 presents the results of 
multiple determinations for one ratio of peak heights for ses
ame and soybean oils.

When various known mixtures of sesame and soybean oils 
are chromatographed and the ratios of the heights of various 
pairs of peaks are plotted against the volume percent of either 
o il, the ratio o f the heights o f one pair of peaks, peak 2 (C 42) 
to peak 4 (C 46), is found to increase linearly with the percent 
of the adulterant (soybean oil) present. The average corre
lation coefficient for 6 plots obtained randomly over a 6 month 
period is 99% w ith a relative standard deviation of less than 
2.5% . L ikew ise , the relative standard deviation obtained for 
4 determinations of a calibration mixture or a sample is also 
less than 2.5% .

Although a larger relative standard deviation is observed 
for the C 42/C46 peak ratio obtained for the standard (pure) 
sesame oil than that obtained for the standard (pure) soybean 
o il, the range was not exceeded in those samples of impor
tations which were shown by conventional fatty acid methyl 
ester analysis to be unadulterated. The chromatogram of the 
standard (pure) sesame oil did not appear to change signifi
cantly during the period of this investigation (6 months).

ANAL. CHEM. (VOL. 67, NO. 5, 1984) 917
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Figure 2. Liquid chromatogram of oil from soybeans. See text for peak description.

In  contrast, although the C 42/C46 peak ratio is more consis
tent in the oil extracted from soybeans than in the oil extracted 
from sesame seeds, the chromatogram of the soybean oil does 
show some changes 3 months after extraction. The chroma
togram of the freshly extracted soybean oil (Figure 2), indi
cates that all major triglycerides elute after 5 min. Trace 
components which elute in less than 4.5 min increase in 
concentration with time and become minor components, 
comparable in concentration to those of the peak preceding 
peak 1 (C  4o) • Th is minor change in the chromatogram does 
not alter the C 42/C46 peak height ratio significantly, but, to 
avoid any adverse effects, it is recommended that a new 
soybean extract be prepared every 3 months.

It should be noted, in Figure 1, that a peak corresponding 
to peak 1 (C 40) is essentially absent in the extracted (pure) 
sesame oil. Therefore, the presence of a significant C40 peak 
in an unknown sample is an indication that the sesame oil has 
been adulterated with another oil.

While soybean oil is frequently found as an adulterant in 
imported sesame o il, other oils have also been used, and the 
technique described can be used for other oils or even m ix
tures of more than 2 oils. The quantitative composition of 
mixtures containing 3 oils cannot be obtained in the same 
w ay that is possible with a 2 oil m ixture; however, the chro
matogram of an unknown oil may provide sufficient infor
mation to suggest the identity o f the oils present and, by trial 
and error, to devise a composition that would duplicate the 
chromatogram of the unknown sample. In  the chromato
graphic system used here for naturally occurring triglyceride 
m ixtures, there is a high probability that 2 mixtures are iden
tical when their components are observed to have identical 
retention times and relative concentration (peak height).

A s an example, a sample from a commercial importation 
claimed to be sesame oil was chromatographed (Figure 3). 
Four major peaks are observed to elute between 10 and 20
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Figure 3. Liquid chromatogram of imported "sesame oil.” See text for peak description. Figure 4. Liquid chromatogram of commercial rapeseed oil. See text for peak description.

min, suggesting that rapeseed oil (Figure 4), which is char
acterized by several late-eluting (long chain) major triglyc
erides, is present. It was noted, however, that the retention 
times o f the late-eluting peaks averaged about 1 min shorter 
for the sample (importation) than for the pure rapeseed oil. 
The presence o f rapeseed o il, despite the observed difference 
in retention times, was supported by L C  of 4 known mixtures 
o f sesame oil and rapeseed oil that contained increasing 
amounts o f the sesame oil at volume ratios o f 25:75, 40:60, 
50:50, and 65:35. The chromatograms demonstrate that the 
retention times o f the late-eluting triglycerides shortened as 
the concentration of the other oil (sesame oil) increased. Fo r 
a 65% sesame oil m ixture, the last major peak for pure rape- 
seed oil was observed at 21 min rather than 22 min.

Because the C 42/C4-, peak ratio remained constant at 0.5 for 
the 4 known binary m ixtures, and the importation had a peak 
ratio o f 1.0, the presence of an additional adulterant was 
indicated. The high C 42/C46 peak ratio and the presence of a 
significant C 40 peak (peak 1) suggested that the additional 
adulterant was soybean oil.

Composition of the importation was confirmed by prepar
ing a mixture o f the 2 o ils, sesame and soybean, to reproduce

the C 42/C46 ratio of 1.0 and then adding sufficient rapeseed oil 
to reproduce the chromatogram of the importation. A  known 
mixture o f sesame o il, soybean o il, and rapeseed o il, in the 
ratio o f 15:45:40 by volume, resulted in a chromatogram 
considered identical to the chromatogram of the importation.
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TOBACCO
Liquid Chromatographic Determination of Phenol and Cresols in Total Particulate Matter of 
Cigarette Smoke
BRUCE A. TOMKINS, ROGER A. JENKINS, WAYNE H. GRIEST, ROBERTA R. REAGAN, 
and SUSAN K. HOLLADAY
Oak Ridge National Laboratory, Analytical Chemistry Division, PO Box X, Oak Ridge, TN 37831

The phenol and cresol contents of the total particulate matter of tobacco 
smoke can be conveniently determined. A simple extraction procedure 
using IN base is followed by partial neutralization with glacial acetic 
acid and elution of hydroxy benzenes from an end-capped reverse phase 
liquid chromatographic column. The procedure is rapid (20 min/sam- 
ple after the initial extraction), precise (± 10% relative standard devia
tion), accurate, and convenient. Normally, 12 or fewer cigarettes are 
needed for a single measurement.
Phenolic constituents, as a compound class, are believed to 
contribute to both the flavor and aroma (1) and the biological 
activity (2, 3) of tobacco smoke. In general, the concentra
tions of phenol and its derivatives in the smoke of filtered 
cigarettes tend to be lower than for unfiltered cigarettes because 
phenols are selectively removed from the smoke by the cel
lulose acetate used in most cigarette filters (4). However, 
important quantities of phenols remain in the mainstream 
total particulate matter (TPM ) (5). Few  quantitative data have 
been reported concerning the phenol levels in the smoke of 
modern commercial cigarettes, despite the increasing trend 
toward highly engineered, ventilated filters. The one excep
tion is the recent work o f Schlotzhauer and Chortyk (6), 
which reports values for phenol, catechol, and hydroquinone 
deliveries for one ultra low-tar U .S . commercial brand.

The classical determination of phenol and its methyl-sub
stituted derivatives in cigarette smoke requires lengthy and 
laborious extraction procedures before final determination 
by gas chromatography (G C ) (6-10). More recently, gel per
meation chromatography has been used to purify the smoke 
extract, which is subsequently reacted with silylating reagents 
before final determination by open-tubular capillary column 
G C  (11). Although that approach yields more information 
concerning levels of mono- and dihydroxybenzenes, the overall 
procedure is still laborious and unsuitable for routine use. 
Many of the reported studies require the collection of large 
amounts of cigarette smoke condensate (C SC ) or pyrolysate 
in cold traps to obtain samples for analysis. Th is practice 
places a limitation on the inherent accuracy of the final deter
mination. F irs t , it is difficult to reproducibly and quantita
tively collect C S C  (12), and, second, the apparent phenol 
concentrations in condensate are typically 20-50% lower than 
those in the TPM -derived tar from identical cigarettes (8). 
Th is is presumably because phenol, a relatively volatile spe
cies, is lost in either the sample collection or work-up pro
cedures. Trim ethyl silylation of the more reproducibly gen
erated T P M , followed by G C  determination on packed (13)
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or open tubular capillary (6) columns, seems to be more 
successful.

We report here a quantitative procedure for determination 
of phenol and cresols in the total particulate matter of main
stream cigarette smoke, based on a modification of a liquid 
chromatographic (L C )  procedure for phenols in synthetic fuel 
samples (14). Extraction and sample work-up are straightfor
ward, and the overall method is sufficiently rapid to permit 
convenient processing of a large number of samples per day. 
The deliveries of phenols for both reference cigarettes and 
representative low-, medium-, and high-tar commercial cig
arettes are reported.

M ETH O D

A p p a r a t u s
(a) L i q u i d  c h r o m a t o g r a p h .—Single L D C  Model 396 Sim 

plex minipump (R iv ie ra  Beach, F L ) ,  Rheodyne Model 7120 
injection valve or equivalent with 20 p L  loop (Cotati, C A ), 
Perkin-Elm er Model 203 fluorescence spectrophotometer 
(N orw alk , C T ) , and reverse phase C18 guard column (Brow n
lee Lab s , Santa C lara, C A ). Use stripchart recorder for read
out.

(b) S m o k i n g  d e v i c e . —  Phipps and Bird (Richmond, V A ) 
20-port smoking machine, or equivalent.

(c) L i q u i d  s c i n t i l l a t i o n  c o u n t e r .—Tri-Carb liquid scintilla
tion counter, Model C-2425 (Packard Instrument C o ., Down
ers G rove, I L ) .

R e a g e n t s
(a) S o d i u m  h y d r o x i d e  ( I N ) ,  s o d i u m  a c e t a t e ,  a n d  g l a c ia l  

a c e t i c  a c i d .—Reagent grade, use as received.
(b) S o l v e n t s . — Acetonitrile, hexane, and water (distilled in 

glass, Burdick & Jackson Laboratories, In c ., Muskegon, M I).
(c) S t a n d a r d  p h e n o l s .—Phenol, o-cresol, m-cresol, p-cre- 

sol, resorcinol, and 3,4-dimethylphenol purchased from Aid- 
rich Chemical Co. (M ilwaukee, W I) , 99 + %  purity. Use as 
received.(d) S t a n d a r d  s o l u t i o n s .—Dissolve standard phenols in 
acetonitrile for final concentrations of 1, 4, 10, and 20 pg/ 
m L . Refrigerate all standards; solutions are stable at least 2 
months.

(e) T r a c e r .—Carbon-14-labeled w-cresol (Methyl C-14, New 
England N uclear, Boston, M A ; not routinely available) dis
solved in hexane to yield measured activity of 3.39 x  107 
disintegrations per m in/mL (dpm/mL). Specific activity was
7.9 mCi/mmole, and mass/volume concentration was 210 pg 
w-cresol/m L.

(0  S c i n t i l l a t i o n  c o c k t a i l . — Aquasol-2® universal liquid 
scintillation cocktail (New England Nuclear).

C i g a r e t te s
Kentucky Reference 1R 1, 2R1, and 1R4F cigarettes were 

obtained from the Tobacco and Health Research Institute 
(U n iversity  of Kentucky , Lexington, K Y ) .  Code 32 cigarettes
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were obtained through the National Cancer Institute’ s Smok
ing and Health Program. The 8 commercial cigarette brands 
used in this study were purchased locally in June 1983.

P r o c e d u r e
I f  cigarettes are ro t to be used immediately, store frozen 

at -2 2 °C  until needed. Before smoke generation and subse
quent analysis, thaw and open cigarette packs, and place 
cigarettes in an environmental chamber maintained at stan
dard conditions (15) of 60 ± 2% relative humidity at 24 ± 
1°C. Condition cigarettes for at least 48 h. Select cigarettes 
at random for smoking.

Smoke sufficient cigarettes to yield ca 100 mg TPM  on a 
standard Cambridge filter assembly (16) in room maintained 
at 60% relative humidity and 24°C. Use standard smoking 
conditions (15) o f 35 ± 0.2 m L  puff volume, 2 ± 0.2 s puff 
duration, and 1 puff per 60 ± 1 s frequency, to 23 mm butt 
length for nonfilter cigarettes or to 3 mm ahead of filter over- 
wrap for filter cigarettes.

Begin extraction of every Cambridge filter pad not more 
than 1 h after smoking is complete. Spike each pad with 10 
fxL m-cresol tracer solution, and immediately immerse pad 
in 20 m L  scintillation via l containing 10 m L IN  N aO H solu
tion. Shake via l brisk ly with wrist-action shaker for 20 min, 
then let vial stand without shaking for 2 h. Dilute 500 p,L 
aliquot of extract witn equal volume of buffered mobile phase 
(see L i q u i d  C h r o m a t o g r a p h y ) ,  and partially neutralize solu
tion with 30 p,L glacial acetic acid. Analyze an aliquot of this 
final solution by L C .

L i q u i d  C h r o m a to g r a p h y
Perform L C  analysis as follows: analytical column, Alltech 

Associates R S IL -C 1 B -H L , 25 cm x  4.6 mm id (Deerfield, 
I L ) .  Mobile phase, acetonitrile-water (40% v/v), buffered to 
pH 4.6 with glacial acetic acid and sodium acetate, flow rate
1.4 m L/min. Set wavelengths of fluorescence detector to 266 
nm (excitation) and 300 nm (emission). Inject 20 p-L sample 
onto L C  column. Perform quantitation by manual or elec
tronic measurement o f peak height.

( C I

UJLTZOCl-COLdCC
UJCJZUJoCOUJCC
o3

0 2 4 6 8 10 12
T I M E  ( m i n ) T I M E  ( m i n )

Figure 1. Phenols and cresols present in 3 “most popular” cigarette brands. Labeled peaks: resorcinol (1), phenol (2), m- + p-cresol (3), o- cresol (4), 3,4-dimethylphenol (5).
Chromatograms: (a) mixed phenols and cresois standard, 4 n-g/mL per 

component, analyzed on day 1; (b) Code 550 (low-tar cigarette), analyzed on 
day 1, 9 cigarettes per pad; (c) Code 549 (medlum-tar cigarette), analyzed 
on day 1, 5 cigarettes per pad; (a') mixed phenols and cresols standard, 4 
Ixg/mL per component, analyzed on day 2; (d) Code 546 (hlgh-tar cigarette), 

analyzed on day 2.

R e c o v e r y  M e a s u r e m e n t
M ix 100 p L  of final diluted extract with 10 m L scintillation 

cocktail and 1 m L  v/ater. Obtain dpm/mL count by using 
carbon-14 channel o f liquid scintillation counter. Count sam
ples 3 times for 10 min at room temperature. Correct all 
sample counts for scintillation quenching with Automatic 
External Standard option of instrument.

C a lc u la t io n s
F it peak heights o f phenols standard peaks (from 20, 10, 4, 

and 1 |xg/mL mixed standard solutions) to standard linear 
regression equation to obtain /(h ), concentration of com
pound as function of peak height (correlation coefficient typ
ically exceeds 0.995). Calculate hydroxybenzene delivery, C , 
of smoked cigarettes as follows:

C , |Ag/cig.
/(h) |xg/mL x  1 m L x  10 m L 

n  cigs x  0.5 m L  x  Y

~ 20 m i n
where n  is number of cigarettes smoked and Y  is recovery of 
w-cresol tracer.

Results and Discussion
The optimum extraction time for Cambridge filter pads was 

determined by shaking a test pad briskly with IN  sodium

hydroxide solution in a scintillation v ia l, letting the via l stand 
undisturbed for 24 h, and periodically withdrawing and ana
lyzing aliquots. Extraction  was v irtually complete in 1 h, and 
showed no significant improvement after 2-, 4-, 6-, 8-, or 12- 
h extraction times. A  nominal extraction period of 2 h was 
selected as both sufficient and convenient.

The optimum extraction time can also be determined by 
monitoring the recovery of the m-cresol radiolabeled tracer. 
Th is  tracer was selected because its volatility and extraction 
behavior is intermediate between that o f phenol, the major 
volatile phenolic constituent, and the dimethylphenols, which 
are minor and less volatile constituents. Hence, the recovery 
of m-cresol should be applicable to phenol, the 3 cresols, and 
most of the dimethylphenols. In most cases, m-cresol tracer 
was quantitatively recovered (> 95% ), thereby simplifying the 
equation. The mass o f the radiolabeled tracer is negligible 
with respect to the mass o f native m -  or p-cresol observed, 
and may be omitted from the calcualtions for these com
pounds.

The analytical method cannot distinguish p-cresol and m -  
cresol, and is unsuitable for determining catechol. The m -  
and p-cresols co-elute, as shown in Figure 1, and could not 
be determined as independent species. Attempts to resolve 
these 2 isomers by modifying the chromatographic program 
were unsuccessful, so m -  and p-cresol have been reported as 
though the peak were entirely m-cresol. Th is choice was
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Table 1. Phenol and cresol deliveries for reference and experimental cigarettes

Sample na Method Phenol

Delivery. 6 pg/cig. 

m- + p-Cresolc o-Cresol

1R1" 4 LC 136 + 6 88 ± 4 28 ± 2
1R1 GCe 120 69 27
2R1 ' 4 LC 130 + 14 93 ± 7 34 + 2
1R4F" 6 LC 16 ± 1 20 ± 1 6 ± 1
32' 4 LC 77 ± 7 56 ± 5 19 ± 1
32 1 GC9 70 ± 5 45 ± 3 15 ± 2

3 Number of cigarettes smoked per pad.
6 Mean ± 1 SD, 3 pads per measurement.
6 Reported as entirely m-cresol.
a Kentucky reference cigarette, University of Kentucky, Lexington, KY. 
6 No statistical data available; data taken from ref. 13.
' National Cancer Institute Series IV Standard Experimental Blend.9 Mean ±  1 SD, based on 8 pads, 1 cigarette per pad.

Table 2. Recovery of phenol and cresols added to pads: summary of validation data, standard addition method9

Delivery,6 pg/pad

Condition Phenol m- or p-Cresolc o-Cresol

No spike added (u i), 62 + 5 80 ± 5 23 ± 4
mean ± 1 SD, 3 trials

10 pg of each compound 82 ± 1 98 + 4 40 ± 2
added (u2), mean ± 1 SD, 
3 trials

fcalcd̂ 3.44* 2.33 2.61
Criterion: f0.o5(4) 2.776 2.776 2.776

No spike added 55 74 24
20 (j.g of each compound 77 90 47

added
Spike recovered 22 16 23

No spike added 55 74 24
30 pg of eacn compound 88 109 58

added
Spike recovered 33 35 34

* A pad containing TPM from six 1RF4 cigarettes was analyzed before and after spiking with 10, 20, or 30 pg of phenol, m-cresol, and o-cresol. 
6 Average of duplicate trials unless stated otherwise.
6 Reported as entirely m-cresol.
"Tests null hypothesis H0: u2 -  u, -  10 = 0.
*Signif cant difference at 5% significance level: not significant at 1% level.

made because the fluorescence response of w-cresol is about 
half that o f p-cresol. Fo r this reason, the values presented 
are probably somewhat conservative. The determination of 
catechol, a weak co-carcinogen (17), was not possible because 
this compound degrades quickly in the presence of 1M sodium 
hydroxide solution.

V a l i d a t i o n  S t u d i e s
The analytical method was verified both by the method of 

standard addition and by comparing results with those obtained 
independently by G C  (13). Table 1 gives the deliveries of 
phenol and cresols of 4 reference cigarettes determined by 
L C , and compares the results with available G C  measure
ments of silylated TP M  extracts (13). Agreement between the 
present L C  and the G C  data was considered acceptable. (The 
2R1 cigarette is a remake of the 1R1, using tobacco from a 
different crop year. The L C  results for the 2R1 are quite 
sim ilar, as expected, to those determined by L C  and the GC 
procedure for the 1R1.) The nominal precision of the L C  
method was ± 10% relative standard deviation, based on 
triplicate pad samples.

In tests using the method of standard addition, a 1R4F pad 
containing the TPM  from 6 cigarettes was spiked with 10, 20, 
or 30 pig phenol, /M-cresol, and o-cresol, and analyzed as 
before. The data in Table 2 show that the addition of 20 or 30

pig of a selected component per pad was readily detected and 
reliably quantitated, but that the addition of 10 pig to the pad 
was not.

The difference between the means of both the spiked (10 
pig/pad) and unspiked pads was tested statistically using a 2- 
tailed Student’s M est. The results showed that, within the 
observed standard deviations of the 2 data sets, the difference 
of 10 pig/pad had indeed been observed at the 5% significance 
level. It appears that a 10 pig/pad increase approximated the 
detection limit o f the L C  system (0.3 pig/mL for phenol, 1.2 
pig/mL for /M-cresol, and 0.7 pig/mL for o-cresol at S I N — 2), 
and thus the increases in concentration were not easy to 
measure. O verall, the method of standard addition verified 
the accuracy o f the L C  procedure above the 10 pig/pad con
centration level.

V o la t i l i z a t io n  o f  P h e n o l  a n d  t h e  C r e s o l s
A TPM  sample mass o f approximately 100 mg was used 

throughout this work because it usually provided a sufficient 
quantity o f phenols for easy measurement, and because, in 
most cases, such a mass could be generated with a small 
number of cigarettes. In  the special case of ultra low-tar 
cigarettes, which typ ically deliver 1-5 mg TPM/cigarette, 
many more cigarettes (up to 50) might be needed for a proper 
sample. The need for such a large number of cigarettes raised
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Table 3. Volatilization study for phenol and the cresols

Delivery, (ig/pad

Condition Phenol m- + p-Cresol8 o-Cresol

No. smoked: 62 ± 56 80 ± 5 23 ± 4
6 cigarettes (u,) 
12 cigarettes (u2) 113 ± 19 135 ± 28 39 ± 8

fcalccJC 0.59 0.99 0.88
Criterion: fo.os(4) 2.776 2.776 2.776

6 cigarettes (tu) 62 ± 5 80 ± 5 23 ± 4
18 cigarettes (u3) 171 ± 14 181 ± 6 48 ± 6

fcalcd̂ 0.77 5.39" 2.38
Criterion: fo.05(4) 2.776 2.776 2.776

8 Reported as entirely m-cresol 
6 Mean ± 1 SD, based on 3 pads. 
'Tests null hypothesis H0: (u2) -  2(u \) = 0.
'Tests null hypothesis H0: (u3) -  3(ut) = 0.
** Significant difference at 1% significance level.

Table 4. Deliveries of phenol and cresols for selected U.S. commercial cigarette brands

ORNL
code

Tar
delivery,8
m g/cig.

C igarette
type6 nc Phenol

Delivery,6 pg/cig.
m- + p- 
C reso le o-C resol

552 24.3 85, nf 4 76 ± 2 61 ± 4 21 ±  0.1
546 20.1 70, nf 4 61 ± 4 45 ± 3 16 ±  1
548 16.9 85, f 5 21 ± 2 22 ± 2 8 ±  1
553 12.4 85, f 6 16 ± 1 16 ± 1 5 ±  0.1
549 16.8 100, f 5 16 ;  3 16 ± 2 4 ±  0.3
545 9.0 85, f 9 9 ± 1 11 ± 1 3 ±  0.3
550 8.2 85, f 9 6 ±  1 8 ± 1 2 ±  0.4
558 4.6 85, f 30 10 ±  1 9 ± 1 2 ±  1

8 From Federal Trade Commission Report, ref. 18.
6 All cigarettes are soft-pack. Length of cigarette given in mm.

nf = nonfilter, f = filter. 
c Number of cigarettes per pad.
6 Mean ± 1 SD, triplicate pad samples.
8 Reported as entirely m-cresol.

the question of whether phenol and/or the cresols would be 
slow ly volatilized from the Cambridge pad, based on the time 
needed to generate the sample TPM  (several hours), the steady 
passage of air through the pad during cigarette puffing, and 
the vapor pressure of these species.

Th is question was examined by smoking 6 ,12 , and 18 1R4F 
cigarettes (tar delivery 9 mg/cigarette) on 3 Cambridge filter 
pads each (total of 9 pads) over periods of 1, 2, and 3 h, 
respectively. I f  no volatilization had occurred, the phenol 
and cresols present after 12 and 18 cigarettes should be exactly 
2 and 3 times that obtained from 6 cigarettes. These hypotheses 
were tested using a 2-tailed Student’ s r-test at the 5% signif
icance level.

Table 3 summarizes the data in the volatilization study. 
The phenol and crescl means for 12 cigarettes were not sig
nificantly different at the 5 %  significance level from twice 
that for 6 cigarettes; hence, a dozen cigarettes could be smoked 
without concern for volatilizaton. When 18 cigarettes were 
smoked, the means for phenol and o-cresol were not signifi
cantly different at the 5% significance level from 3 times that 
for 6 cigarettes. In contrast, the mean for m -  and p-cresol 
(determined as m-cresol) was significantly different at even 
the 1% significance level from 3 times that for 6 cigarettes. 
Hence, the maximum number of cigarettes of this tar delivery 
level which should be smoked is probably about 12, which is 
sufficient to cover the high-, medium-, and low-tar cigarettes 
easily . Data presented later in this paper show that phenol

deliveries from even ultra low-tar cigarettes can be deter
mined precisely within these boundary conditions.

A p p l ic a t io n  to  C o m m e r c ia l  C ig a r e t te s
Figure 1 compares sample chromatograms for phenols from 

the TPM  of high-, medium-, and low-tar cigarettes with each 
other and with a 4 gg/mL mixed phenol and cresol standard. 
The profiles are usually quite sim ilar, except for the relative 
concentrations o f each peak. It should be noted that different 
numbers o f cigarettes were used to produce these chroma
tograms. Low -tar cigarettes required 9 cigarettes, high-tar 
cigarettes only 4. In contrast, the phenol delivery, expressed 
as mass per cigarette, varied by roughly an order of magni
tude.

Table 4 reports the phenol and cresol deliveries of 8 popular 
commercial cigarette brands, ranging from high- to ultra low- 
tar delivery. Each  measurement typically exhibited a preci
sion of about ± 10% relative standard deviation, and was 
determined using triplicate Cambridge filter pads and smok
ing the stated number of cigarettes (4-9) per pad. As expected, 
the 2 nonfilter varieties had the highest deliveries of phenol 
and cresols per unit tar. The selective removal of phenols 
from particulate matter by cellulose acetate filters has been 
reported previously (4). The deliveries for Code 558, an ultra 
low-tar cigarette, may be biased low because o f the large 
number o f cigarettes required for the generation of a sufficient
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smoke sample. H ow ever, the level of phenol is in reasonably 
good agreement with a value reported for another ultra low- 
tar cigarette (6), although because the tar deliveries of the 2 
cigarettes are different, there is no reason to expect that the 
phenol deliveries should be the same.

C o n c lu s io n
The measurement o f phenol, m -  plus p-cresol, and o-cresol 

in the TPM  of cigarette smoke is greatly simplified by using 
an L C  procedure that uses both a buffered eluant and a 
selective fluorescent detector. Approximately 15-20 samples 
may be readily processed per working day, allowing for L C  
of 4 standards at the beginning of the day, 20 min chromato
graphic time per sample, and either a 2-h or overnight extrac
tion.
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DRUGS
Separation and Analysis of Pilocarpine, Isopilocarpine, and Pilocarpic Acid by Reverse Phase 
Liquid Chromatography: Collaborative Study
JOHN L. VAN ACKEREN,1 RICHARD M. VENABLE, and IRVING W. WAINER 
Food and Drug Administration, Division o f  Drug Chemistry, Washington, DC 20204
Collaborators: L .  A lexander; S . A li; Allergan Laboratories; J . Antkow iak; W. Bachman; D . Dunn; R . Lindauer;
H . Riggleman; R  W illiam s

A method for separating and determining pilocarpine and 2 degrada
tion products was developed and subjected to collaborative study. 
Pilocarpine, isopilocarpine, and pilocarpic acid were isolated on a 
reverse phase liquid chromatographic phenyl bonded column and 
detected by UV spectrophotometry at 220 nm. Nine collaborators received 
commercial samples labeled to contain 2, 1, and 0.5% pilocarpine and 
a 2% practice sample. The collaborative results for pilocarpine were 
excellent; coefficients of variation ranged from 3.20 to 4.10%. The 
method was adopted official first action for determination of the active 
component, pilocarpine, in the presence of isopilocarpine and pilocar
pic acid. Although quantitative results for the degradation products 
were not as good, the method is suitable as a limits test for these 
substances.

Numerous methods have been devised in an attempt to sep
arate pilocarpine and related compounds by liquid chroma
tography (L C ) . Urbanyi et al. (1) used Am inex A-7 cation- 
exchange resin with U V  peak detection at 217 nm. Weber (2) 
attempted a 2-step modification but concluded that the pro
cedure was inaccura:e because of variation of the commer
cia lly available resins. K h a lil (3), using a borate buffer (pH 
9.2)-tetrahydrofuran (70 + 30) mobile phase, joined a pBon- 
dapak C 18 column and a pBondapak CN  column in series and 
detected pilocarpine at 254 nm. H owever, subsequent inves
tigators observed that the mobile phase dissolved the silica 
base in the column. M itra et al. (4) enhanced the C ,8 pBon- 
dapak column procedure by forming p-nitrobenzyl deriva
tives. Noordam et al (5) and O ’Donnell et al. (6) separated 
pilocarpine and its degradation products by using a C ,8 col
umn and a water-methanol (97 + 3) mobile phase containing 
5% pH 2.5 phosphate buffer. In itia lly they used refractive 
index for detection but eventually settled on U V  detection at 
215-216 nm. Kennedy and McNamara (7) reported a reverse 
phase 10 pm p-Bondapak phenyl column procedure for sep
arating pilocarpine, isopilocarpine, pilocarpic acid, and iso- 
pilocarpic acid. Tw o  additional methods, normal phase (8) 
and reverse phase radial compression (9), have also been 
reported on the assay of pilocarpine. These allow quantitative 
determination of pilocarpine and isopilocarpine but not pil
ocarpic acid.

In  his 1981 General Referee Report, Smith (10) referred to 
a method developed by Wainer for determining pilocarpine, 
isopilocarpine, and pilocarpic acid with a reverse phase phenyl 
L C  column and a water-acetonitrile (97 + 3) mobile phase. 
We have conducted a collaborative study based on this method.

'P resent address: The M adeira School, Greenw ay, VA 22067.
This report of the Associate Referee, I. W. W ainer, was presented at the 

97th Annual International Meeting of the AOAC, Oct. 3-6, 1983, at Washing
ton, DC.

The recom m endations of the Associate Referee were approved by the Gen
eral Referee and by Committee B and were adopted by the Association. See 
the G eneral Referee and Committee reports, J. Assoc. Off. Anal. Chem. (1984) 
67, M arch issue.

Received O ctober 12, 1983.

Collaborative Study

Each  collaborator received a solid reference sample of 
pilocarpine nitrate, a system suitability solution, one 2% 
practice sample solution (sample C ), and 3 commercial sam
ple solutions consisting of 2, 1, and 0.5%  pilocarpine nitrate, 
plus the following ingredients: Pilocarpine 2% (generic): 0.5% 
methyl cellulose, 0.4%  boric acid, 0.01% benzalkonium chlo
ride, and 0.5%  disodium edetate. Pilocarpine 1% (generic): 
same as 2% solution. Commercial brand 0 .5% : 1.4% po lyvi
nyl alcohol, 0 .5%  chlorobutanol, 0.5%  menthol, 0.5%  cam
phor, 0 .5%  phenol, and 0.5%  eucalyptol. These additives 
account for the additional peaks in the chromatogram. Co l
laborators were instructed to prepare solutions for L C  as 
follows: Sample D , 2% solution, dilute 1 m L to 200 m L ; 
sample E ,  1% solution, dilute 1 m L  to 100 m L ; sample F , 
0.5%  solution, dilute 2 m L  to 100 m L . Each  collaborator was 
asked to make 3 injections of each sample solution. Nine 
collaborators completed the study.

The practice solution and the 3 collaborative solutions were 
known from previous analyses in this laboratory to contain 
isopilocarpine and pilocarpic acid. Table 1 reports the per
centage composition for 7 brands of pilocarpine ophthalmic 
solutions as originally determined by this laboratory.

Pilocarpine, Isopilocarpine, and Pilocarpic Acid in Drugs 
Liquid Chromatographic Method 

First Action

P r in c ip le
Pilocarpine is detd by L C , using acidified phosphate buffer- 

C H 3CN  (97 + 3) mobile phase, reverse phase phenyl bonded 
column, and detection at 220 nm.

A p p a r a tu s
(a) L i q u i d  c h r o m a t o g r a p h .—Equipped with 7000 psi injec

tion valve with 10 p L  injection loop and printer-plotter; U V- 
visible detector set at 220 nm, 0.04 A U F S , time const set at 
4 s ; data integration system with peak width set to peak 
threshold ratio of 1:60 (Spectra-Physics Model 8000 or appro
priate settings for equiv. chromatgc data system).

(b) L i q u i d  c h r o m a t o g r a p h ic  c o lu m n .— 10 pm reverse phase 
phenyl bonded column, 30 cm x  3.9 mm id (Waters Asso
ciates, In c .) .

R e a g e n ts
(a) M o b i l e  p h a s e . — U V  quality L C  grade H 20  and C H 3CN 

(97 + 3). Add K H 2P 0 4 to make 5% soln. Adjust pH to 2.5 ± 
0.1, using 85% H 3P 0 4. F ilte r soln thru 5 pm mixed cellulose 
acetate and nitrate filter.

(b) S t d  s o l n . — D r y  U S P  Ref. Std Pilocarpine Nitrate Salt 
2 h at 105°. Accurately weigh 10 mg into 100 m L voi. flask. 
D issolve and dii. to voi. with mobile phase. F ilte r thru 5 pm 
mixed cellulose acetate and nitrate filter. Check std soln daily
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Table 1. Original pilocarpine commercial ophthalmic solutions tested in Associate Referee’s laboratory

Sample Pilocarpine, % Pilocarpic acid, % Isopilocarpine, %

Brand A 2%, HCIa 96 4.0 0.21
Brand B 2%, HCI" 92 7.3 0.32
Pilocarpine HCI 2% 96 3.8 0.20
Brand C 2%,-nitrite3 93 7.1 0.35
Brand D 1%, nitrite3 93 5.1 0.65
Brand E 1%, HCIa 94 5.1 0.64
Brand F 0.5%, nitrite3 92 6.9 1.4

"With hydroxypropyl methylcellulose, benzalkonium chloride, and EDTA.
'’With 0.5% hydroxypropyl methylcellulose and 0.01% benzalkonium chloride.
•With 1.4% polyvinyl alcohol, 0.5% chlorobutanol, menthol, camphor, phenol, and eucalyptol.

Table 2. Collaborative results for pilocarpine ophthalmic solutions (g/mL) by reverse phase liquid chromatographic method3

Coll.

Sample C Sample D Sample E Sample F

P I A P I A P I A P I A

16 — — — 2.22 0.028 0.088 1.10 0.013 0.047 0.538 0.015 0.045
— — — 2.18 0.027 0.087 1.10 0.013 0.046 0.535 0.016 0.043
— — — — — — 1.10 0.014 0.045 0.544 0.016 0.041

2 2.15 0.021 0.113 2.24 0.028 0.087 1.12 0.011 0.055 0.516 0.013 0.046
2.16 0.029 0.116 2.23 0.027 0.076 1.12 0.013 0.031 0.523 0.015 0.040
2.16 0.045 0.151 2.24 0.019 0.090 1.12 0.010 0.045 0.525 0.015 0.039

3 2.20 0.018 0.080 2.20 0.017 0.081 1.09 0.006 0.039 0.6213 0.012 0.035
2.20 0.017 0.077 2.21 0.015 0.079 1.10 0.005 0.037 0.544 0.010 0.029
2.20 0.017 0.079 2.20 0.015 0.077 1.10 0.006 0.038 0.540 0.010 0.027

4° 2.02 0.032 0.167 2.29 0.033 0.129 1.08 0.015 0.067 0.498 0.017 0.0653
2.14 0.031 0.170 2.22 0.036 0.115 1.10 0.015 0.067 0.505 0.017 0.065°
2.13 0.035 0.170 2.31 0.039 0.117 — — — — — —

5 2.05 0.061 0.075 2.14 0.066 0.066 1.12 0.0523 0.047 0.541 0.039 0.023
2.00 0.050 0.075 1.87° 0.114° 0.062 1.11 0.0503 0.033 0.502 0.026 0.032
2.20 0.192 0.139 2.00 0.038 0.071 1.11 0.025 0.035 0.533 0.031 0.021

6 2.22 0.030 0.079 2.35 0.027 0.063 1.12 0.013 0.045 0.504 0.013 0.029
2.21 0.032 0.079 2.34 0.031 0.063 1.09 0.014 0.039 0.490 0.013 0.027
2.32 0.030 0.080 2.34 0.030 0.066 1.21 0.014 0.043 0.466 0.013 0.026

7 2.09 0.042 0.124 2.11 0.033 0.099 1.06 0.C13 0.048 0.510 0.016 0.045
2.09 0.049 0.124 2.12 0.038 0.091 1.05 0.C15 0.048 0.499 0.016 0.045
2.09 0.044 0.121 2.11 0.029 0.093 1.06 0.C15 0.049 0.501 0.016 0.045

8 2.16 0.029 0.116 2.23 0.034 0.083 1.15 0.C16 0.043 0.526 0.015 0.030
2.15 0.031 0.112 2.23 0.030 0.082 1.18 0.014 0.042 0.528 0.014 0.028
2.14 0.035 0.111 2.24 0.028 0.081 1.16 0.015 0.041 0.534 0.016 0.028

9 2.15 0.037 0.082 2.26 0.040 0.084 1.10 0.021 0.036 0.541 0.018 0.021
2.14 0.038 0.086 2.25 0.047 0.080 1.10 0.015 0.034 0.546 0.017 0.023
2.14 0.032 0.078 2.31 0.043 0.078 1.04 0.015 0.034 0.549 0.019 0.020

Mean 2.15 0.034 0.108 2.22 0.032 0.084 1.11 0.014 0.044 0.522 0.017 0.033
SD 0.069 0.011 0.032 0.082 0.011 0.017 0.038 0.004 0.009 0.021 0.006 0.009
CV 3.20 32.1 29.8 3.70 34.0 19.7 3.39 31.3 20.7 4.10 37.2 27.4

•Sample C, 2% practice sample; Sample D, 2% commercial solution; Sample E, 1% commercial solution; Sample F, 0.5% commercial solution. P, 
pilocarpine; I, isopilocarpine; A, pilocarpic acid.

•Dash indicates that value was not reported by collaborator.
•Value rejected as outlier; not included in total statistics.

by L C  injection; prep, new std soln if  pilocarpine concn, as 
detd by peak area, has changed >2% .

(c) S y s t e m  s u i t a b i l i t y  s t d  s o l n .—D ii. 10 mg pilocarpine and 
1 mg isopilocarpine to 100 m L with mobile phase.

P r e p a r a tio n  o f  S a m p le
Prep, soln contg 10 mg pilocarpine nitrate salt/100 m L 

(based on label concn) using mobile phase as diluent. F ilte r 
soln thru 5 p,m mixed cellulose acetate and nitrate filters.

L iq u id  C h r o m a to g r a p h y  T e s t
Equilibrate overnight at 26 ± 1° with mobile phase at flow 

rate of 0.3 mL/min. Circulate solv. continuously thruout 
duration of analyses, without interruption.

S y s t e m  s u i t a b i l i t y  t e s t .—Inject 10 p-L aliquots of system 
suitability std soln into chromatgc column. Retention time 
for pilocarpine should be 50-54 min, and isopilocarpine, 45-

49 min. Resolution factor, R s, for pilocarpine/isopilocarpine 
should be >1.13.

D e te r m in a t io n
Inject 10 p.L aliquots of pilocarpine std soln and sample 

prepn in triplicate. Ca lc , quantity, in g/100 m L pilocarpine, 
in each sample by formula;

g pilocarpine (as nitrate)/100 m L = P A / P A '  x  C  x  D

where P A  and P A  ' = area of pilocarpine peak for sample and 
std solns, resp .; C  = g std/100 m L ; £> = diln factor of sample 
prepn. Altho not necessarily quant., isopilocarpine (retention 
time 45-49 min) and pilocarpic acid (retention time 33-38 
min) may be estd by use o f stds and sim ilar calcns. When 
using different pilocarpine salts, use correction factor for 
different mol. wts: F  = M W  pilocarpine salt/MW pilocarpine
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Figure 1. Sample chromatogram for separation of pilocarpine (P), isopilocarpine (I), and pilocarpic acid (A).
std (corrects for differences in absorptivity between pilocar
pine and pilocarpic acid).

Results and Discussion
Table 2 shows collaborative results for pilocarpine 

ophthalmic solutions by reverse phase liquid chromato
graphy. Figure 1 shows a sample chromatogram of pilocar
pine and 2 degradation products.

The collaborators obtained proper R ,  values and retention 
times for the system suitability test either directly or by minor 
modifications such as reduction of the acetonitrile concentra
tion. The originally specified flow rate of 0.25 mL/min was 
unacceptable because most instruments used had settings of 
0.2 or 0.3. We modified our procedure to specify a flow rate 
of 0.3 mL/min. Although 1 or 2 collaborators reported instru
mental problems with the high salt buffer concentration, proper 
flushing of the system after use should alleviate this problem.

Collaborator 1 did ro t report data for sample C because of 
changes in instrument parameters between injections, and 
made only 2 injections for sample D . Collaborator 4 reported 
only 2 injections for samples E  and F  because of fluctuations 
in detector lamp energy, which necessitated making all anal
yses in one day.

Good statistical results for the major component, pilocar
pine, support the method of analysis. Outliers were rejected 
on the basis o f pooled results, not individual laboratories. 
Both D ixon ’s test and the less rigorous 2.5 D rule identified 
outliers. Substantial statistical improvement was obtained in 
this manner for the minor components, isopilocarpine and 
pilocarpic acid. The relatively high standard deviations and 
coefficients of variation which still remain for these compo
nents are due to low actual concentrations relative to pilo
carpine. Coefficients o f variation for pilocarpine ranged from 
3.20 to 4.10% .

Recommendations
On the basis of collaborative study results, it is recom

mended that this method be adopted official first action for 
determination of pilocarpine in the presence of the decom
position products isopilocarpine and pilocarpic acid. Although 
the coefficients of variation for the decomposition products 
are high (Table 2), the method is also recommended as a test 
for limits for these materials.
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X-Ray Powder Diffraction Data for Selected Drugs: Furosemide, Hydrochlorothiazide, 
Naproxen, Naproxen Sodium, Propranolol Hydrochloride, and the Halopheniramine Maleates
WILSON H. DE CAMP
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  D r u g  C h e m i s t r y ,  W a s h i n g t o n ,  D C  2 0 2 0 4

X-ray powder diffraction data for 9 commonly used drug substances 
are reported. The data for furosemide, hydrochlorothiazide, propran
olol hydrochloride, dexchlorpheniramine maleate, and brom phenira
mine maleate have been indexed by reference to published crystal 
structure data. The racemic modifications of propranolol hydrochlo
ride and brompheniramine maleate are shown to exist as racemic 
compounds ra ther than racemic mixtures.

The application of X -ray diffraction to the investigation of 
problems involving drugs has long been hindered by the lack 
of appropriate reference data for the dosage form of the drugs. 
Thus, studies of the relationship between polymorphism of a 
drug substance and its bioavailability, for example, are fre
quently carried out with only a limited characterization c f  the 
drug substance in the crystalline state. Th is paper represents 
the inception of a continuing program to increase the avail
ability o f reference quality diffraction data for drug sub
stances. The series w ill focus prim arily, but not exclusively, 
on those drugs which are the subjects of compendial mono
graphs and which are, for the most part, also available as 
Reference Standards through the United States Pharmaco- 
peial Convention (U S P ). The drug substances w ill, conse
quently, be investigated in the chemical form or forms (e .g ., 
salt, ester, stereoisomer) which are the actual components of 
the dosage forms of the drugs. Furthermore, we propose to 
investigate prim arily , although not exclusively , drug sub
stances which are in widespread use.

An extensive file of powder diffraction data is published 
by the Joint Committee for Powder Diffraction Standards- 
International Centre for D iffraction Data (1). Th is file is 
designed for manual searching as well as either interactive or 
batch computer searching. (Information about various com
m ercially available search-match programs may be obtained 
from JCPDS-International Centre for Diffraction Data, 1601 
Park La n e , S warthmore, P A  19081. ) Through the most recent 
set (volume 33), this file contains data for the the identification 
of over 40 000 crystalline materials. Fo r a variety of technical 
and historical reasons, most o f the data in the file are for 
inorganic compounds. How ever, the present state of the art 
is such that reliable data can be obtained for most organic 
materials. In most cases, a knowledge of the ¿/-spacings alone 
is sufficient to positively identify a crystalline material. The 
relative intensity associated with each ¿/-spacing is o f some 
use in distinguishing between nearly isomorphous materials 
and can be used for semiquantitative estimates of concentra
tion as well.

Fo r all the drug substances discussed herein, X-ray powder 
diffraction is not a required identity test. Its use is consistent, 
however, w ith the compendial standards for verification of 
the identity of a drug substance, which recognize that the 
compendial test(s), “ . . . however specific, are not necessar
ily sufficient to establish proof of identity . . . ”  (2, p. 6).

Selection of Samples
Furosemide [C |2H nC lN 20 5S ; 4-chloro-/V-furfuryl-5-sulfa- 

moylanthranilic acid ; CAS-54-31-9] is a diuretic and antihy
pertensive drug (3, monograph 4161). It  ranked sixth among

Received July 22, 1983. A ccepted April 11, 1984.

the most frequently prescribed drugs in 1982 (4). The com
pendial monograph in U S P  X X  (2) specifies infrared (IR ) (K B r  
pellet) and ultraviolet (U V ) absorption tests, plus a color 
reaction, for its identification.

Hydrochlorothiazide [C 7H gC lN 30 .,S 2; 6-chloro-3,4-dihy- 
dro-2//-l,2,4-benzothiadiazine-7-sulfonam ide 1,1-dioxide; 
CAS-58-93-5] is a sulfamide diuretic of the benzothiadiazine 
fam ily, and is commonly used both singly and in combination 
with other prescription drugs (3, monograph 4668). The com
pendial monograph in U SP  X X  (2) specifies IR  (K B r  pellet) 
and U V  absorption tests for its identification. In 1982, the 
most prescribed drug was a combination containing hydro
chlorothiazide; 12 additional products containing hydro
chlorothiazide were also among the 200 most prescribed drugs 
(4). In addition, it is the most commonly prescribed generic 
drug which is not an antibiotic.

N ap ro xe n  [C |4H ,4 0 3; (+  )-6 -m eth o xy-a-m eth y l-2 - 
naphthaleneacetic acid; CAS-22204-53-11 is an anti-inflam
matory, analgesic, and antipyretic drug (3, monograph 6245), 
which ranked twenty-third among the most frequently pre
scribed drugs in 1982 (4). It is also marketed as the sodium 
salt [naproxen sodium; C I4H |3N a 0 3; (-)-so d iu m  2-(6-meth- 
oxy-2-naphthyl)propionate; CAS-26159-34-2], and is ranked 
among the 200 most prescribed drugs. A  compendial mono
graph for naproxen, specifying only an IR  (K B r  pellet) test 
for identification, was first published in Addendum a  to the 
F irst Supplement to U S P  X X  (5). A  compendial monograph 
for naproxen sodium was first published in Addendum a  to 
the Third Supplement to U S P  X X  (6). and also specifies only 
an IR  (K B r  pellet) identity test.

Propranolol nydrochloride [C ,6H : :C1N 02: H isopropylam - 
ino)-3-(l-naphthyloxy)-2-propanol hydrochloride; C A S A  18- 
98-9] is a beta-adrenergic antagonist which is w idely used in 
the treatment of conditions such as angina pectoris, cardiac 
arrhythm ia, hypertension, and other cardiovascular disor
ders (3, monograph 7628). It ranks second among the most 
frequently prescribed drugs (4). The compendial monograph 
in U SP  X X  (2) specifies IR  (mineral oil mull) and U V  absorp
tion tests, plus a test for chloride ion, for its identification.

Brompheniramine maleate [C l6H 19B rN 2 C 4H 40 4 ; 2-[p-bromo- 
a-[2-(dimethylamino)ethyl]benzyl]pyridine maleate (1:1)] is 
among the more frequently prescribed antihistaminics (3. 
monograph 1466; 4). It  is used in drugs both as the racemate 
(CAS-980-71-2) and as the pure ¿/-isomer [CAS-2391-03-9, 
dexbrompheniramine maleate (United States Adopted Name 
(U S A N ))] . The compendial monographs in U SP  X X  (2) spec
ify both an IR  and a U V  absorption test for the identification 
of both brompheniramine maleate and dexbrompheniramine 
maleate, but differ in specifying a K B r  pellet for the former 
and a mineral oil mull for the latter. In the latter case, a 
determination of specific rotation is also included among the 
specifications.

Chlorpheniramine maleate [Ci6H|9C lN 2-C4H 40 4; 2-[p-ch!oro- 
a-[2-(dimethyiamino)ethyl]benzyl]pyridine maleate (1:1)] is 
also a commonly prescribed antihistaminic drug (3, mono
graph 2169; 4). Although it is not as frequently used as brom
pheniramine maleate, it is a component of numerous over- 
the-counter and prescription drugs. Both the racemate (CAS- 
113-92-8) and the pure ¿/-isomer [CAS-2438-32-6, dexchlor-
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Table 1. X-ray powder diffraction data for furosemide, USP
20 d( Â) ///, h k l 20 d(A) III i h k l

6.017 14.68 100 010 25.561 3.482 1 -2 , -3 ,2
10.843 8.15 4 001 26.221 3.396 8 1,-1 ,2 ; -1 , -4 ,2
12.044 7.34 23 020 27.543 3.236 7 -2,4,0
13.025 6.79 3 0, -  2,1 28.664 3.112 17 022; 211
14.207 6.229 12 011 29.226 3.053 8 230
17.050 5.196 1 -2,0,1 29.766 2.999 7 1,-4,2; -1,0,3
17.491 5.066 6 -1,2,1; 0 ,-3 ,1 ; 101 30.467 2.932 4 -1,3,2; 050; -2 ,-3 ,3
18.232 4.862 21 -2 ,-1 ,1 30.847 2.896 1 310; 0 ,-2 ,3
18.793 4.718 20 -2,1,0 31.549 2.833 8 0, — 3,3
18.953 4.678 23 021 33.631 2.663 2 2,-5 ,1 ; -3,3,2
19.113 4.640 6 200 33.850 2.646 2 320; 2 ,-1 ,2
20.474 4.334 16 111; 0 ,-1 ,2 ; 1, — 3,1 34.252 2.616 3 -2 ,-5 ,2 ;  3 ,-1,1
21.075 4.212 12 -2 ,-2 ,1 35.013 2.561 1 3 ,-3 ,1 ; -4,0,1; -4,1,2
21.356 4.157 30

egoegoeg 35.553 2.523 3 301
21.856 4.063 1 002 36.715 2.446 2 060; -2 ,-5 ,3
22.918 3.877 28 0, — 3,2 37.475 2.398 2 -3,5,0; -4,3,1
23.198 3.831 6 -2,1,2 38.097 2.360 5 212; -4,2,0; 2,-6,1
23.400 3.799 3 -2,3,0 39.037 2.305 3 -4,3,2
24.800
25.180

3.587
3.534

75
9

-1 , -  4,1 ; 220 
-2 ,-3 ,1

39.718 2.267 1 250

Table 2. X-ray powder diffraction data for hydrochlorothiazide, USP
20 d( A) Uh hkl 20 d( Â) Il h hkl

9.458 9.34 6 001 34.111 2.626 6 130
12.802 6.91 9 100 35.853 2.503 10 023
14.064 6.292 2 011 36.695 2.447 7 -3,0,2
16.507 5.366 80 110 37.395 2.403 8 113
18.630 4.759 44 101 37.776 2.380 3 202
19.051 4.655 100 002 38.196 2.354 1 -3,1,2
20.833 4.260 39 020 39.237 2.294 6 -3,0,3
21.354 4.158 30 111 40.098 2.247 1 014
21.714 4.089 4 012 40.659 2.217 1 -3,1,3
22.936 3.874 4 021 41.181 2.190 1 -2,3,2
24.538 3.625 28 120 41.802 2.1592 4 132
25.860 3.443 11 -2,0,2 42.543 2.1233 1 -3,2,2
26.280 3.388 3 -2,1,1 43.523 2.0777 2 222
26.721 3.333 1 102 43.944 2.0588 3 -3,0,4
27.902 3.195 14 210 44.464 2.0359 3 140
28.363 3.144 7 022 45.287 2.0008 1 -3,1,4
28.764 3.101 25 003 46.048 1.9695 3 203
30.787 2.902 4 201 46.789 1.9400 4 114
32.589 2.72-5 5 211 47.309 1.9199 2 213
32.950 2.716 1 031 48.431 1.8780 1 133
33.410 2.680 9 220 49.091 1.8543 1 321

pheniramine maleate (U S A N )] are used as drug substances. 
The compendial monographs in U S P  X X  (2) specify only an 
IR  (mineral oil mull) test for the identification of chlorphen
iramine maleate, but both IR  (K B r  pellet) and U V  absorption 
tests for the identification of dexchlorpheniramine maleate. 
In  the latter case, a determination of specific rotation is also 
included among the specifications.

Experimental Conditions

X-ray powder diffraction patterns were obtained with C u K a  
radiation (X. = 1.54051 Â ) on a Philips goniometer. The X- 
ray tube was typ ically operated at 40 k V  and 30 m A. Refer
ence Standard materials were scanned at a speed of 
0.257min (20), with a detector time constant of 2. Other 
samples were scanned at 17min, with a time constant o f 0.5. 
A  0-compensating slit (7) maintained a constant area of illu
mination on the sample throughout the range of diffraction 
angles. A  diffracted-beam monochromator (graphite 001) was 
used to remove the unwanted radiation. The detector was a 
N a l(T l) scintillation counter, coupled to a pulse height ana
lyzer.

The 20 values from the chart recorder were measured to 
± 0.02° for each resolved peak. A  linear correction was applied 
to the 20 values, based on calibration of the instrument using 
Ag (fl„ = 4.08651 Â ) or S i (N B S  SRM640, a 0 =  5.43088 Â )

as an external standard. The intensity of each diffracted line 
was measured by correcting the peak height from the strip 
chart recorder for background. A  correction was applied to 
the intensity to allow for the effects of the ©-compensating 
slit (C . R . Hubbard, National Bureau of Standards, 1979).

Samples were prepared by loosely filling the well o f an 
aluminum sample holder with the powder, covering it with a 
ground glass slide, and vibrating the holder to pack the sam
ple. Commercial samples which were available only in limited 
amounts were sprinkled onto a glass slide which was lightly 
coated with petroleum je lly .

Melting points were determined on a Mettler HP52 hot 
stage microscope and are reported as uncorrected values. 
Each  sample was placed on the hot stage at a temperature 
approximately 10°C below its melting point, and heated at a 
rate o f 2°C/min. Under these conditions, samples o f U S P  
Sulfapyridine Reference Standard (Lo t H ) melted at 191.2- 
191.9°C, compared with the range 190.2-192.0°C specified by 
U S P , and U S P  Acetanilid Reference Standard (Lo t G ) melted 
at 113.0-114.2°C, compared with the range 114.0-116.0°C 
specified by U S P .

Origin of Samples

In each case, the primary sample examined was the current 
lot of the Reference Standard as distributed by U S P . Where
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Table 3. X-ray powder diffraction data for naproxen, USP

26 d( A) ///,

6.683 13.22 100
12.627 7.00 28
13.348 6.628 15
16.811 5.270 22
17.992 4.926 8
18.933 4.684 38
20.073 4.420 14
20.333 4.364 13
22.275 3.988 29
23.736 3.745 15
23.996 3.705 11
25.278 3.521 1
27.379 3.255 10
27.820 3.204 8
28.420 3.138 11
29.340 3.042 1
29.781 2.998 2
31.423 2.845 3
32.383 2.762 1
33.204 2.696 <1
33.745 2.654 2
34.885 2.570 2
35.105 2.554 2
36.507 2.459 <1
37.167 2.417 1
37.627 2.389 1
38.228 2.352 1
38.648 2.328 1
39.790 2.264 1
40.749 2.212 2
42.371 2.1315 <1
44.494 2.0346 1
45.534 1.9905 1
46.695 1.9437 1
49.757 1.8310 1

available, randomly selected samples of the same drug sub
stance from one or more manufacturers were also examined. 
Except as noted below, each sample was dried in accordance 
with the compendial monograph. No further purification, such 
as by recrystallization, was attempted. Reference Standard 
samples were not ground as long as a large portion of the 
material as supplied passed through a 200 mesh sieve. The 
procedures required by USP XX do not include purification 
by recrystallization or any treatment other than grinding or 
sieving, as necessary.

The lots of USP Reference Standards used in this study 
were as follows: Furosemide (Lot G); Hydrochlorothiazide 
(Lot G); Naproxen (Lot F); Naproxen Sodium (Lot F); Pro
pranolol Hydrochloride (Lot F); Brompheniramine Maleate 
(Lot G); Dexbrompheniramine Maleate (Lot G); Chlorphen
iramine Maleate (Lot I); Dexchlorpheniramine Maleate (Lot 
F).

In the case of the halopheniramine maleates, all samples 
were dried at 105°C, contrary to the compendial procedures. 
This deviation was justified for 3 reasons. First, the compen
dial procedures differ in specifying drying at 105°C for 3 h for 
the racemates, and 65°C for 4 h for the dextrorotatory iso
mers; similar treatment of both isomers seemed to be desir
able. Second, at least one of each pair of isomers has been 
characterized by a crystal structure determination; thus 
decomposition or polymorphic change could be more readily 
detected. Third, none of the compounds are reported to form 
hydrates, nor were they observed to be hygroscopic. Because 
the other drug substances in this study were all dried at 105°C 
for periods ranging from 1 to 4 h, the higher temperature was 
chosen.

Powder Data
The various tables report X-ray powder diffraction data in 

a standardized format (8). (An excerpted version of ref. 8 is 
available from the JCPDS-International Centre for Diffrac-

Table 4. X-ray powder diffraction data for naproxen sodium, USP
26 cf(A) III1

4.361 20.25 100
8.634 10.17 1

11.747 7.53 <1
13.048 6.78 19
15.610 5.672 <1
17.331 5.095 6
18.412 4.815 6
19.993 4.438 4
20.574 4.313 2
21.715 4.089 3
22.375 3.970 6
22.896 3.881 2
23.256 3.822 1
23.676 3.755 <1
24.437 3.640 2
25.278 3.521 1
25.898 3.438 <1
26.939 3.307 3
27.780 3.209 1
28.620 3.116 1
29.401 3.035 1
30X22 2.974 1
31.263 2.859 3
32.284 2.771 1
32.664 2.723 <1
35.005 2.561 <1
35.685 2.514 <1
36.007 2.492 <1
36.787 2.441 <1
37.'07 2.421 <1
38.027 2.364 <1
39.088 2.303 1
41."91 2.190 <1
42.933 2.1049 <1
44.233 2.0460 <1
44.693 2.0260 <1
44.894 2.0174 <1
45.993 1.9717 <1
47.176 1.9250 <1
48.297 1.8829 <1
49.T78 1.8303 <1
51.279 1.7802 <1
52.098 1.7541 <1
53.720 1.7049 <1
54.361 1.6863 <1

tion Data, 1601 Park Lane, Swarthmore, PA 19081.) The 20 
values reported are those obtained after the application of 
the calibration correction. In each case, the ¿/-spacings are 
reported to a number of significant figures corresponding to 
the precision of the 20 measurements. Intensities (III ,) are 
reported for each line, relative to the strongest line as 1 0 0 . 
Where the data could be successfully indexed, the h k l  values 
for any ¿-spacing within ± 0.20° (corresponding to the JCPDS 
limits for an “ i” or “ indexed” card entry) are reported. Other 
lines are indicated as “ unindexed” and may result from con
tamination of the sample with another polymorph, solvate, 
or stereoisomer of the drug, as well as from possible chemical 
impurities. The indexing calculations were carried out, in 
part, using the computer program NBS*AIDS80 (9).

The precision of the indexing is stated in terms of the 
quantitative figure of merit, F n, as defined by Smith and 
Snyder (10). Higher values of F„ imply greater agreement 
between the observed and calculated ¿-spacings. However, 
F n is the product of the reciprocal average absolute difference 
between observed and calculated values of 2 0 , taken over all 
indexed lines, and the fraction of theoretically possible lines 
which are indexed. To show the relative significance of each 
of these terms to the combined value, F„ is stated in the 
following form:

F„ [average (|A20|), n(possible)]
The “ best” indexing will have a large value of F „, combined 
with a small average (|A20|) and a value of n(possible) which
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Table 5. X-ray powder diffraction data for propranolol hydrochloride,

USP
20 =t(A) III, hkl

8.260 10.70 15 - 1 ,0 , 1

9.681 9.13 34 101
12.405 7.13 79 110
12.705 6.96 45 200
16.590 5.339 64 -2,0,2
17.050 5.196 45 -2,1,1
18.512 4.789 15 211
19.153 4.630 41 3,0,-1
19.473 4.554 63 202
19.754 4.490 37 -2,1,2
21.115 4.204 48 301
21.956 4.045 28 310
22.196 4.001 18 212
23.017 3.861 5 -1,2,1
23.558 3.773 24 121
23.999 3.705 7 -3,1,2
25.000 3.559 100 220
25.280 3.520 10 -2,2,1
25.601 3.477 10 -1,0,4
26.302 3.385 12 221
27.023 3.297 29 312
27.803 3.206 6 -1,1,4
29.406 3.035 18 411
30.487 2 930 3 -3,2,2
31.368 2 849 12 313
31.668 2 823 5 -4,1,3
31.969 2 797 5 -1,0,5
32.389 2 762 1 030
32.950 2 716 4 322; -2,0,5
33.451 2.677 9 -1,3,1
33.872 2.644 9 131
34.932 2.566 7 230
36.814 2.439 2 -3,1,5
37.897 2.372 8 330
38.977 2.309 3 600
40.538 2.223 3 610; 016
41.120 2.193 5 324
42.462 2.1270 2 -5,0,5; -3,1,6
46.366 1.9566 6 530; 126
47.126 1.9268 2 -3,0,7
48.508 1.8751 2 -5,3,3; -6,1,5
48.950 1.8592 1 341
50.052 1.8208 2 505

is not much greater than n. However, the reality of the way 
in which most organic compounds crystallize leads to a large 
number of nf-spacings which could be observed, but are not 
because of low scattering. Organic compounds can, there
fore, be considered as having been successfully indexed if F„ 
is greater than 8 , and probably successfully indexed if the 
value is greater than 5, in contrast with higher values usually 
found for the more symmetrical and more highly scattering 
inorganic compounds.

The X-ray powder diffraction data for furosemide, USP, 
are given in Table 1. The melting point of the Reference 
Standard was 211.0-212.5°C [lit. 206°C (3)].

The X-ray powder diffraction data for hydrochlorothiazide, 
USP, are given in Table 2. Because of the reported variability 
of the melting point of this drug substance [see Deppeler (11), 
and references therein], no attempt was made to determine 
this property.

X-ray powder diffraction data for naproxen, USP, and 
naproxen sodium, USP, are reported in Tables 3 and 4, 
respectively. The melting point of USP Naproxen Reference 
Standard was 154.4-156.2°C [lit. 155.3°C (3)], and that of USP 
Naproxen Sodium Reference Standard was 252.6-255.3°C 
[lit. 244-246°C (12)].

The X-ray powder diffraction data for propranolol hydro
chloride, USP, are given in Table 5. The melting point of the 
Reference Standard was 162.7-164.0°C [lit. 163-164°C (3)].

The X-ray powder diffraction data for brompheniramine 
maleate, USP, and dexbrompheniramine maleate, USP, are

given in Tables 6 and 7, respectively. The melting point of 
the Reference Standard was 132.0-133.4°C [lit. 132-134°C
(3)] for the racemate and 105.0-107.1°C [lit. 106-108°C (13)] 
for the dextrorotatory isomer.

The X-ray powder diffraction data for chlorpheniramine 
maleate, USP, and dexchlorpheniramine maleate, USP, are 
given in Tables 8 and 9, respectively. The P o w d e r  D i f f r a c t i o n  
F ile  (1, card 29-1614) includes data for only one form, with 
no specification of stereochemical purity. Comparison of the 
P o w d e r  D i f f r a c t i o n  F i le  data [derived from the work of Folen
(14)] and the more recently published data of Eckhart and 
McCorkle (15) with Tables 8 and 9 identifies the material for 
which data are published as the racemate. The melting point 
of the Reference Standard was 130.7-132.5°C [lit. 130-135°C
(3)] for the racemate and 110.6-112.6°C [lit. 113-115°C (3)] 
for the dextrorotatory isomer.

The powder diffraction data in Tables 1-7 and Table 9 have 
been accepted for inclusion in the P o w d e r  D i f f r a c t i o n  F i le  as 
follows: Furosemide (32-1685); Hydrochlorothiazide (33-1698); 
Naproxen (34-1751); Naproxen Sodium (34-1750); (±)-Pro- 
pranolol Hydrochloride (32-1870); (+ )-Chlorpheniramine 
Maleate (32-1576); (+ )-Brompheniramine Maleate (33-1554); 
(±)-Brompheniramine Maleate (33-1555).

Discussion
F u r o s e m i d e

The diffraction patterns of all commercial samples of furo
semide examined were identical with that of USP Furosemide 
Reference Standard. The melting point of furosemide, recrys
tallized from ethanol, is reported to be 206°C (3). USP XX 
does not include the solvent of recrystallization or the melting 
point range among the specifications in the compendial mon
ograph. However, the experimental data, including melting 
point determinations for the commercial samples, are self- 
consistent. The disagreement between the reported and the 
experimental values may be due to a dependence of the melt
ing point on the heating rate.

The width at half-maximum was 0.12° for the 010 reflection. 
As distributed, USP Furosemide Reference Standard appears 
to be slightly hygroscopic. For dried, sieved samples, the 
relative intensities were reproducible to within approximately 
±5% of the intensity of the strongest line. The material was 
also examined without drying, and relative intensities were 
substantially less reproducible. In particular, the second 
strongest line in Table 1 ( d  = 3.587 A ,  III, = 75) often showed 
a relative intensity of less than 40. The diffraction patterns 
of the undried samples also showed occasional weak lines 
which were not reproducible between successive samples, 
and which are not reported in Table 1. In no case did any 
such line have a relative intensity exceeding 15.

The h k l  indices assigned to the data in Table 1 are based 
on a triclinic unit cell with dimensions: a  = 10.467, b  = 
15.725, c = 9.584 A, a  = 107.27°, (3 = 115.04°, 7  = 93.47°. 
These are reduced cell dimensions corresponding to the unit 
cell reported in the single crystal structure determination of 
furosemide (16). The published cell data may be transformed 
to the reduced cell data by the matrix 001/100/0,1,-1. For 
the indexed lines below 25.2°, the quantitative figure of merit 
is F 20 = 11.78 (0.0270,63). The higher angle lines were excluded 
from the figure of merit because of the “ easy matching” 
characteristic of triclinic unit cells. All of the indices reported 
in Table 1 yield a difference of less than 0.09° between the 
observed and calculated values of 20. In only 4 cases (001; 1, 
-3 ,1 ; -2 ,1 ,2 ; —2,-3 ,2 ) does the difference exceed 0.05°.
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Table 6. X-ray powder diffraction data for brompheniramine maleate, USP

20 d( A) III 1 h k l 20 d( A) ///, h k l

9.101 9.71 34 002 30.387 2.939 3 222
9.281 9.52 20 011 30.647 2.915 6 -2,3,2

10.102 8.75 28 -1.0,2 31.107 2.873 5 -2,3,3
12.164 7.27 36 -1,1,1 32.129 2.783 14 133; -2,3,4
13.025 6.79 36 -1,1,2 32.449 2.757 2
15.168 5.836 10 111 33.010 2.711 1
15.328 5.776 12 -1,1,3 33.571 2.667 13
16.309 5.430 8 102;020 34.111 2.626 9
16.550 5.352 4 -1,0,4 34.572 2.592 11
16.930 5.232 13 021 35.233 2.545 1
18.292 4.846 2 004 35.893 2.500 1
18.692 4.743 12 -1,2,1; 022 36.374 2.468 4
19.213 4.616 57 120; -1,2,2 37.074 2.423 5
19.473 4.554 6 unindexed 37.555 2.393 6
20.014 4.433 52 200; 014 37.976 2.367 5
20.314 4.368 100 -2,1,1; -2,1,3 38.377 2.344 5
20.895 4.248 43 -1,2,3 39.017 2.307 6
21.335 4.161 43 023 41.040 2.197 2
21.916 4.052 23 113; -2,1,4 41.620 2.1681 5
22.157 4.009 17 -1,1,5 41.921 2.1532 5
23.338 3.808 3 -1,2,4 42.641 2.1185 2
23.578 3.770 3 unindexed 43.463 2.0803 1
24.159 3.681 32 unindexed 44.565 2.0314 3
24.579 3.619 38 024 44.985 2.0134 2
24.960 3.564 58 -2,2,3; -1,0,6 45.765 1.9809 4
25.340 3.512 1 202 46.067 1.9686 3
25.721 3.461 22 114 46.866 1.9369 6
25.901 3.437 15 220 47.768 1.9024 3
26.162 3.403 58 123; -2,0,6 47.947 1.8957 3
26.382 3.375 45 032; -1,2,5 49.569 1.8374 4
27.583 3.231 8 -3,0,4 50.611 1.8020 2
27.823 3.204 17 221 51.272 1.7803 3
28.184 3.163 10 033 52.394 1.7448 1
28.365 3.144 10 -3,1,3 53.335 1.7162 2
29.205 3.055 4 unindexed 54.417 1.6846 2
30.147 2.962 9 213 56.960 1.6153 2

A second crystal structure of furosemide has been reported
(17). Cell dimensions for this form are reported to be: a  =  
5.251, b  = 8.771, c = 15.038 A, a  = 101.77°, (3 = 89.05°, y  
= 97.57°. The fact that the indexing to this unit cell was 
somewhat less satisfactory, as shown by the F„ values, in 
combination with the observation of Lamotte et al. (16) that 
the 2 cells have the b * c *  net in common, provides confir
mation that the latter cell is a subcell of the former, and not 
an example of polymorphism. The latter unit cell may be 
transformed to the reduced cell reported above by the matrix 
2 0 0 /0 1 1 / — 1 , — 1 ,0 .
H y d r o c h l o r o t h ia z id e

The h k l  indices assigned to the data for hydrochlorothiazide 
(Table 2) are based on a monoclinic unit cell (18): a  =  7.419, 
b  = 8.521, c  = 10.003 A, (3 = 111.72°. All diffraction lines 
were indexed satisfactorily. In no case did the difference 
between the observed and calculated values of 20 exceed 
0.105°. The accuracy of the indexing is given by F 30 = 14.18 
(0.302, 70). No comparisons with commercial samples were 
made for hydrochlorothiazide. Deppeler (11) has reported 
that measurements on industrial production lots agree very 
well with a powder diffraction pattern calculated from the 
single crystal structural data. The data reported in Table 2 
are in acceptable agreement with the more qualitative data 
reported by Deppeler.

The indexing of the data revealed that the unit cell for 
hydrochlorothiazide has a metrically orthorhombic A-cen- 
tered supercell: a  =  8.521, b  = 18.586, c  =  7.419 A. A 
satisfactory, though slightly less precise, indexing [F30 =
11.55 (0.309, 84)] was obtained for this cell. The existerxe of 
such a supercell is suggestive, although not conclusively so, 
of a possible misassignment of the space group.

N a p r o x e n  a n d  N a p r o x e n  S o d i u m
Because no single crystal cell data have been reported for 

either naproxen or naproxen sodium, indexing is not reported 
in Tables 3 and 4. Attempts to index the data by using the 
method of Visser (19) were unsuccessful. (The computer 
program described in ref. 19 was obtained from G. G. John
son, Jr, Materials Research Laboratory, Pennsylvania State 
University, University Park, PA 16802.) The discrepancy 
between the experimental and literature melting points could 
not be explained. Differential scanning calorimetry curves 
show no evidence of phase transitions.
P r o p r a n o l o l  H y d r o c h l o r id e

The h k l indices assigned to the data for propranolol hydro
chloride (Table 5) are based on a monoclinic unit cell (20): a  
= 14.017, b  = 8.285, c = 14.005 A, |3 = 98.76°. These are 
the reduced cell dimensions corresponding to the unit cell 
reported in the single crystal structure determination of pro
pranolol hydrochloride. For the indexed lines below 30°, the 
quantitative figure of merit is F23 = 6.71 (0.0434, 79). It is 
noted that the near-identity of the experimental values for a  
and c  leads to an approximate degeneracy of the h k l  and Ikh 
d-spacings. The slight broadening of most of the diffraction 
peaks is an apparent consequence of this geometrical fact. 
For example, the width at half-maximum for h k l = 220 is 
0.20° at a 20 value of 25°. Such broadening leads to a slightly 
increased uncertainty or random error in the measurement of 
the 20 values for each maximum. The 20 difference between 
the h k l  and Ikh  powder lines, which is less than 0.015° for 20 
values below 50°, is an additional systematic error to be added 
to the random error for the 20 values. This additional contri
bution to the denominator of Fn (through the |A20| term) yields 
a value which is somewhat lower than might be expected,
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Table 7. X-ray powder diffraction data for dexbrompheniramine

maleate, USP
20 d(A) h i 1 20 d( A) III 1

3.133 28.2 17 23.077 3.851 5
4.755 18.57 11 23.458 3.789 5
6.317 13.98 33 24.219 3.672 39
6.537 13.51 48 24.459 3.636 19
9.121 9.69 17 24.840 3.581 100
9.301 9.50 17 25.280 3.520 13
9.521 9.28 6 25.821 3.447 18
9.962 8.87 11 26.302 3.385 48

10.542 8.38 10 27.223 3.273 27
11.063 7.99 5 27.643 3.224 38
12.244 7.22 9 28.365 3.144 13
12.705 6.96 8 28.904 3.086 29
12.925 6.84 37 29.525 3.023 2
13.166 6.72 8 30.367 2.941 7
13.506 6.550 16 30.907 2.891 2
14.387 6.151 7 31.888 2.804 15
15.148 5.844 3 32.869 2.722 8
15.829 5.594 50 33.190 2.697 8
16.209 5.463 29 33.550 2.669 8
16.410 5.397 55 34.412 2.604 6
16.790 5.276 16 35.233 2.545 2
17.311 5.118 3 35.813 2.505 3
18.011 4.921 20 36.213 2.478 1
18.212 4.867 35 36.935 2.432 3
18.712 4.738 14 37.335 2.406 3
19.093 4.644 30 38.216 2.353 6
19.654 4.513 80 39.378 2.286 4
19.994 4.437 40 40.079 2.248 4
20.134 4.406 42 40.340 2.234 4
20.354 4.359 28 41.321 2.183 3
20.594 4.309 18 41.880 2.1552 3
21.195 4.188 67 42.702 2.1156 1
21.636 4.104 5 43.262 2.0895 1
22.317 3.980 9 43.642 2.0722 2
22.757 3.904 35 44.344 2.0410 2

although still indicative of a correct indexing. For clarity, 
values for only one index of such a pair are shown in Table 5.

The diffraction pattern of a commercial sample was iden
tical with that of USP Propranolol Hydrochloride Reference 
Standard. Dried samples of propranolol hydrochloride showed 
values of ///, which were much more reproducible than those 
from samples which were examined without drying. As 
obtained, the material is a very fine white powder which 
appears to be slightly hygroscopic. The resulting tendency to 
form lumps may well account for the variability in diffracted 
intensity. Therefore, drying the sample before examination 
is essential.

An additional fact of significance to the identification of 
propranolol hydrochloride by compendial methods is that a 
test for specific rotation is required, with limits stated as 
“ between -  1.0° and +1.0° . . .” (2). However, the crystal
lographic space group of propranolol hydrochloride is P 2 J n .  
This space group is centrosymmetric, and must, by symme
try, contain equal numbers of left- and right-handed mole
cules. This material, therefore, occurs as a “ racemic com
pound” rather than a “ racemic mixture,” according to the 
definitions given by Eliel (21). Comparison of an X-ray pow
der diffraction pattern with the data in Table 5 or with the 
P o w d e r  D i f f r a c t i o n  F i le  card yields essentially the same 
information as the specific rotation test. The reported specific 
rotation of (+  )-propranolol hydrochloride is + 2 1 .2 °  (c, 0.99)
(22). As in USP XX, the solvent is unspecified, implying 
water. The stated limits to the specific rotation test would 
not be exceeded until the sample contained nearly 5 %  of the 
dextrorotatory isomer, a level of contamination which prob
ably would be detected by X-ray examination of the bulk 
drug.

The stereochemically pure dextrorotatory isomer of pro
pranolol hydrochloride, dexpropranolol hydrochloride (USAN) 
is not, at present, a drag which has been approved for mar

Table 8. X-ray powder diffraction data for chlorpheniramine maleate,
USP

20 d( A) III,

9.321 9.48 7
12.244 7.22 13
12.505 7.07 3
12.945 6.83 30
15.328 5.776 2
16.370 5.410 6
16.610 5.333 2
16.990 5.214 6
18.572 4.773 10
18.732 4.733 7
19.213 4.616 100
20.174 4.398 64
20.795 4.268 14
21.186 4.190 27
21.776 4.078 10
22.276 3.987 3
24.139 3.684 36
24.639 3.610 13
24.980 3.562 18
25.681 3.466 18
26.162 3.403 23
27.884 3.197 6
28.123 3.170 6
28.344 3.146 1
29.906 2.985 5
30.687 2.911 3
32.148 2.782 7
33.631 2.663 5
34.733 2.581 12
35.412 2.533 1
37.495 2.397 3
38.176 2.355 2
41.781 2.1601 3
44.484 2.0349 1
46.766 1.9408 1
48.210 1.8860 1
49.529 1.8388 1

keting in the United States. Therefore, its X-ray powder 
diffraction data are not included here. The crystal structure 
of dexpropranolol hydrochloride has been reported (23), and 
thus lines in the powder pattern of propranolol hydrochloride 
which do not match the published pattern can easily be tested 
to determine if they correspond to possible d-spacings of 
dexpropranolol hydrochloride.
B r o m p h e n i r a m i n e  M a le a t e

The powder diffraction data reported for brompheniramine 
maleate (Table 6) have been indexed on a monoclinic unit 
cell: a  = 9.863, b  = 10.836, c = 21.494 A, (3 = 115.83°. A 
single crystal structure determination has been reported for 
the racemate, facilitating the indexing (24). The quantitative 
figure of merit is F 36 = 9.014 (0.0444, 100). The higher lines 
were not indexed because of the decreasing resolution of the 
pattern. All indexed lines yield diffraction angles which are 
less than 0.15° from the observed value. Four lines, including 
one of intensity substantially above background, could not 
be satisfactorily indexed, suggesting that the sample may 
contain a second phase. In contrast with chlorpheniramine 
maleate (see below), these lines are insufficient to support a 
hypothesis that the second phase is the dextrorotatory iso
mer, because several of the stronger lines are not observed. 
However, the racemic modification of brompheniramine 
maleate is clearly in the form of a racemic compound.
C h l o r p h e n i r a m i n e  M a le a t e

The data for dexchlorpheniramine maleate (Table 9) have 
been indexed on a monoclinic unit cell: a  = 5.7669, b  =  
20.338, c = 9.1347 A, p = 103.73° (25). The quantitative 
figure of merit is F ,8 = 7.466 (0.0578, 44). All indexed lines 
yield diffraction angles which are less than 0.17° from the
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Table 9. X-ray powder diffraction data for dexchlorpheniramine

maleate, USP
26 d(Â) Uh hkl

8.560 10.32 4 020
10.863 8.14 15 011
16.309 5.430 16 110
16.510 5.365 6 031; -1,0,1
18.572 4.773 4 -1,2,1
19.233 4.611 2 unindexed
19.994 4.437 39 002
20.434 4.342 100 012
20.995 4.228 2 111
21.836 4.067 5 022
22.337 3.977 8 -1,0,2
22.737 3.908 1 -1,1,2
23.518 3.780 6 140
23.899 3.720 10 032
24.480 3.633 3 131
26.562 3.353 4 042
27.023 3.297 2 150
27.503 3.240 2 -1,5,1
30.547 2.924 18 013
31.348 2.851 3 -2,1,1
33.030 2.710 2 033
35.013 2.561 1 043
39.058 2.304 1 2,5,0; 1,6,2

observed value. The lines at the highest angles were excluded 
from the calculation of F„ because the combined factors of 
low intensity and broadening made the exact angular position 
uncertain. A small shoulder was observed on the 012 peak 
which is not reported in Table 9, but which might be accounted 
for by either 130 or 101 (20 of 20.55° and 20.64°, respectively). 
The single unindexed line in Table 9 corresponds to the 
strongest line from Table 8 , suggesting that the sample may 
contain a small amount of the racemate as a second phase. 
The observed differences in the diffraction patterns of the 
racemate and the dextrorotatory compound are consistent 
with, but are not absolute proof of, the existence of the 
racemate as a racemic compound.

Conclusions
The data reported are sufficient for the identification of 

each of the listed drug substances as the pure bulk drug. 
Identification of any of these drugs in combination dosage 
forms may be possible by reference to the P o w d e r  D i f f r a c t io n  
F ile  (1) when excipients are lacking or do not overlap with 
the principal d-spacings of the drug substance. The data for 
propranolol hydrochloride and brompheniramine maleate, 
having been indexed by reference to unit cells which have 
also been shown to be centrosymmetric, have shown these 
drug substances to exist as racemic compounds. In the case 
of chlorpheniramine maleate, a similar conclusion is sup
ported by the differences between the data for the racemate 
and that for the pure stereoisomer.
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Id e n t if ic a t io n  o f  a  P r o p a n t h e l in e  A n a lo g  in  P r o p a n t h e l in e  B r o m id e  T a b le t s

BR U CE L. FORD, A N DREW  K. W ALL, M IC H A EL A. JO H N STO N , and A N TH O N Y  R. L E A 1 

N a tio n a l B io lo g ica l S ta n d a rd s  L a b o ra to ry , P O  B o x  462, C anberra  C ity A .C .T . 2601 , A u stra lia
A m ajor impurity in a sample of propantheline bromide tablets has 
been identified as 9-hydroxypropantheline on the basis of the proton 
magnetic resonance (PMR) and mass spectra (MS). This identification 
was confirmed by meth: nolysis of the tablet extract, which yielded a 
mixture of methyl xanthanoate and methyl 9-hydroxyxanthanoate. A 
liquid chromatographic (LC) procedure is described which will permit 
quantitation of 9-hydroxypropantheline bromide in the presence of 
propantheline bromide, xanthone, and xanthanoic acid.

Propantheline bromide (I), or (V,N-diisopropyl-«-methyl-2- 
(xanthen-9-ylcarbonyloxy)ethylammonium bromide, is an 
anticholinergic agent used for treatment of peptic ulcer and 
renal colic. Synthesis of propantheline bromide was reported 
by Cusic and Robinson (1); further synthetic work was con
ducted by Buckley et al. (2).

The present pharmacopeial methods for the assay of pro
pantheline bromide tablets are of limited specificity; both the 
B r i t i s h  P h a r m a c o p o e i a  (3) (BP) and the U .S .  P h a r m a c o p e ia
(4) (USP) monographs specify a nonaqueous titration pro
cedure. The BP monograph for tablets includes a test for 
xanthanoic acid; the nonograph for the substance includes a 
general test for related substances. The USP monograph for 
propantheline bromide substance contains tests for xanthan
oic acid and xanthone (5) and assays for bromide and pro
pantheline bromide content. A limit for xanthanoic acid is 
also included in the USP tablet monograph. The USP Con
vention (6 ) has proposed a liquid chromatographic (LC) method 
for determination of the dissolution of propantheline tablets. 
The proposed procedure uses a reverse phase column and a 
mixture of acetonitrile and pH 3.5 acetate buffer as the mobile 
phase.

An official sample of propantheline bromide tablets was 
analyzed, using the LC method described later in this paper, 
and determined to contain only 60% of the stated content of 
propantheline bromide. The product, which complied with 
the requirements of tne relevant BP 1980 monograph, con
tained a mixture of prcpantheline bromide and approximately 
40% of a closely related impurity. The work described in this 
paper details the procedures used to isolate and identify this 
impurity.

Experimental

R e a g e n ts  a n d  A p p a r a tu s
(a) C h e m i c a l s .—Propantheline bromide reference sub

stance (Protea Pharmaceuticals Pty, Ltd, NSW, Australia); 
xanthene-9-carboxylic acid (Aldrich Chemical Co., Madison, 
WI); xanthydrol (practical grade) (Eastman Organic Chemi
cals, Rochester, NY); chromium trioxide (Ajax Chemicals 
Ltd, Sydney, Australia); absolute ethanol (Merck, Darm
stadt, GFR); acetonitrile and methanol, both LC grade (Waters 
Associates, Bedford, MA); formic acid and NaOH, reagent 
grade (M.B., Dagenham, UK); H2S 04, glacial acetic acid, 
and anhydrous Na2S 0 4 (BDH Chemicals, Poole, UK).

(b) L i q u i d  c h r o m a t o g r a p h .—Varian 8500 liquid chroma
tograph with Chromatronix Model 230 fixed wavelength 
detector operating at 254 nm. Waters Associates p-Bondapak 
C l8 column (30 cm x 3.9 mm). Altex 20 pL loop injector.

Received May 4. 1983. Accepted April 12, 1984. 
'Address correspondence tc this author.

(c) G a s  c h r o m a to g r a p h lm a s s  s p e c t r o m e t e r .—DuPont Model 
DP 102 gas chromatograph/mass spectrophotometer fitted 
with glass column packed with 3.0% SP2100 on 80-100 mesh 
Supelco support; temperature-programmed over the range
100-280°C for 25 min.

(d) M a s s  s p e c t r o m e t e r s .—AEI Model MS902 and VG 
Micromass Model VG 70705, used for probe samples.

(e) N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o p h o t o m e t e r .— 
Varian Model CFT 20 operated in proton mode. All samples 
dissolved in deuterochloroform.

(f) I n f r a r e d  s p e c t r o p h o t o m e t e r .—All IR spectra were 
obtained using ATR technique on Perkin Elmer Model 457 
IR spectrophotometer.
P r e p a r a t i o n  o f  S t a n d a r d s

(a) X a n th o n e .—Six mL glacial acetic acid was added to a 
solution of 3.8 g (0.038 mol) chromium trioxide in 6 mL water. 
Six g (0.026 mol) xanthydrol was dissolved in 30 mL glacial 
acetic acid with gentle warming. The magnetically stirred 
xanthydrol solution was chilled in an ice bath. The chromium 
trioxide solution was cautiously added to the xanthydrol solu
tion at a rate which maintained the temperature of the solution 
at ca 10°C. The suspension was stirred for 30 additional min 
and then poured into 100 mL iced water. The mixture was 
stirred for several minutes and then filtered under vacuum. 
The residue was washed with 50 mL 0.5M H2S 0 4 and then 
with water. The residue was recrystallized from absolute 
ethanol and dried under vacuum over P20 5. Yield: 3.7 g (75%); 
mp 172°C (lit. 170-I74°C); MW 196; anal, calculated: C 79.59, 
H 4.08, O 16.33; found: C 78.15, H 4.09, O 17.53.

(b) M e th y l  x a n t h a n o a t e .—Three g (0.013 mol) xanthanoic 
acid was dissolved in 50 mL methanol. Concentrated H2S 0 4 

(1 g) was added. The solution was refluxed 16 h under a double 
surface condenser, diluted with a solution of 2.5 g NaHCCE 
in 100 mL water, and extracted with 70 and 50 mL portions 
of ether. The combined ether extracts were dried over Na2S 0 4 

and evaporated. The residue was recrystallized from meth
anol. The crystals were filtered, washed with a small quantity 
of methanol, and dried under vacuum over P20 5. Yield: 2.28 
g (71%); mp 83°C: MW 240; anal, calculated: C 75.00. H 5.00. 
O 20.00; found: C 75.21, H 5.16, O 20.44.

(c) P r o p a n th e l i n e  f o r m a t e .— Forty mg propantheline bro
mide was dissolved in 800 (xL chloroform, and 100 |xL solu
tion was applied as a streak to each of 6 methanol-washed, 
pre-coated Merck silica gel 60 F254 plates (20 cm x 20 cm). 
The plates were developed with a mixture of acetonitrile and 
formic acid (100 + 4). The zone on the plate containing 
propantheline was cut out with scissors and extracted with 
developing solvent. The extract was evaporated under vac
uum.
M e t h a n o l y s i s  E x p e r i m e n t s

(a) P r o p a n th e l i n e  b r o m i d e .—Propantheline bromide (200 
mg) was dissolved in methanol (50 mL) and refluxed 1 h. The 
solvent was evaporated under vacuum and the residue was 
dissolved with shaking in a mixture of ether and water. The 
ether phase was separated, dried over Na2S 0 4, and evapo
rated. The residue was dissolved in ether (ca 10 mL), and the 
solution was filtered and evaporated. The IR and nuclear 
magnetic resonance (NMR) spectra of the residue were iden
tical with those determined for methyl xanthanoate.
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Table 1. Mass spectra of propantheline bromide and analogs

9 3 5

Compound____________________________________________________  Mass/charge (daltons)8

Methyl 240 (3.9) 182 (14.2) 181 (100) 152 (7.8)
xanthanoate

Methyl 256 (0.4) 240 (0.25) 329 (0.25) 225 (0.7) _ _
9-hydroxyanthanoate 211 (3) 198 (15) 197 (100) 181 (9.3) 168 (17)

152 (3) 139 (13)

Propantheline 353 (13) 339 (2.0) 338 (8.9) 326 (2.0) 325 (8.0)
bromide 311 (8.1) 310 (43.8) 182 (25.0) 181 (100) 152 (23.2)

9-Hydroxypropantheline 369 (0.02) 368 (0.02) 354 (0.1) 341 (0.6) 326 (2.4)
formate 325 (0.2) 310 (0.4) 304 (0.9) 270 (0.8) 235 (1.9)

225 (1.5) 197 (100) 181 (40) 168 (3.6) —
152 (2.8) 139 (3.8) — — — — —

aThe ion abundance is given as a percentage of the base peak in pa'entheses after each ion.

Figure 1. Chromatogram of spiked defective tablets; retention time in 
minutes. Peak identity: (1) 9-hydroxypropantheline; (2) propantheline; (3) 

xanthanoic acid; (4) xanthone.

(b) T a b le t  e x t r a c t .—Ten tablets were triturated twice with 
ether, and the ether solution was discarded. The solid residue 
was triturated twice with 25 mL portions of methanol, and 
the supernate was filtered, refluxed 1 h, and then reduced in 
volume under vacuum. The precipitated material was removed 
by filtration, and the filtrate was evaporated to dryness and 
dissolved with shaking in a mixture of ether (25 mL) and 
water (25 mL). The aqueous phase was separated and extracted 
with 25 mL ether and the combined extract was reduced in 
volume.

The presence of xanthone, methyl xanthanoate, and methyl
9-hydroxyxanthanoate in the ether extract was confirmed by 
GC/MS; retention times were xanthone 12.4 min, methyl 
xanthanoate 13.2 min, methyl 9-hydroxyxanthanoate 14.1 
min.

Preparative TLC (silica gel) of the ether extract solution 
yielded methyl xanthanoate and a compound characterized 
as methyl 9-hydroxyxanthanoate: mp 113-115°C; anal, cal
culated: C 70.31, H 4.69, O 25.00; found: C 70.21, H 4.99, O 
25.31.
T h in  L a y e r  C h r o m a to g r a p h y

(a) A n a ly t i c a l  th in  l a y e r  c h r o m a to g r a p h y .—The tablets were 
extracted by triturating twice with ether to obtain the less 
polar compounds and then twice with chloroform. Samples 
of the ether and chloroform extracts, xanthone, xanthanoic 
acid, and propantheline bromide solutions were applied to 
the plates.

Analytical TLC was performed on Merck pre-coated silica 
gel F254 plates. The plates were developed in a mixture of 1,2- 
dichloroethane, methanol, and formic acid (80 + 2 0  + 2 ).

Plates were visualized by fluorescence quenching under 
short wavelength UV light (254 nm). Alternatively, the plates 
were sprayed with 50% H2S 04, placed 10 min in a 110°C oven 
and viewed under long wavelength (360 nm) UV light. When 
treated in this manner, xanthone fluoresced blue, propanthe
line and xanthanoic acid fluoresced yellow-green, and 9- 
hydroxypropantheline fluoresced chocolate brown. R ,  values 
were xanthone 0.73, xanthanoic acid 0.60, propantheline 0.28, 
and 9-hydroxypropantheline 0.17.

Methyl xanthanoate and methyl 9-hydroxyxanthanoate were 
separated on silica gel GF254 plates (Merck Order No. 7730). 
The chromatograms were developed with a mixture of 1,2- 
dichloroethane and methanol (98 + 2). When the chromato
grams were visualized by spraying with acid and viewing 
under long wavelength UV light, methyl 9-hydroxyxanthan- 
oate fluoresced brown and methyl xanthanoate fluoresced 
yellow-green. Rvalues were methyl xanthanoate 0.75, methyl 
9-hydroxyxanthanoate 0.50.

(b) P r e p a r a t i v e  th in  l a y e r  c h r o m a t o g r a p h y .—Five tablets 
were triturated with 25 mL ether, the supernate solution was 
discarded, and the solid residue was triturated with two 25 
mL portions of chloroform. The combined extracts were 
filtered through a Whatman 540 paper and evaporated to 
dryness under vacuum. The residue was dissolved in 4 mL 
chloroform, and 250 mL solution was applied to each of 6 

methanol-washed, pre-coated Merck silica gel F254 plates (20 
cm x 20 cm). The plates were developed in acetonitrile and 
formic acid (96 + 4). Two major bands were observed under 
UV (254 nm) light. The lower band was separated from the 
plate and extracted with developing solvent. The extract was 
filtered and evaporated under vacuum, yielding 16.6 mg oil 
which showed only one peak by LC. The retention volume 
of this peak corresponded to the retention volume obtained 
for the impurity observed in the tablets.
A s s a y  P r o c e d u r e

Twenty tablets were accurately weighed and ground to a 
fine powder. An amount equivalent to ca 50 mg propantheline 
bromide was weighed into a 100 mL volumetric flask. The 
powder was extracted with 80 mL 1% acetic acid in methanol 
solution with vigorous shaking. The solution was then diluted 
to volume with 1% acetic acid solution. The resulting solution 
was filtered through Whatman No. 42 paper; 20 p,L filtrate 
was injected onto the column under the following conditions: 
mobile phase: methanol-0.005M pentane sulfonic acid (55 + 
45); flow rate 1.5 mL/min.

Results and Discussion
By using the LC system described above, the impurity, 

xanthone, and xanthanoic acid were separated from pro-
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10 9 8 7  6 5 4 3 2 1 0

Figure 2. PMR spectrum of methyl xanthanoate; chemical shift: ppm. See Figure 1 for peak identification.

10 9 8 7 6 5 4 3  2 1 0

Figure 3. PMR spectrum of methyl 9-hydroxyxanthanoate; chemical shift: ppm. See Figure 1 for peak identification.

pantheline bromide (Figure 1). Elution order of the com
pounds suggested that the impurity was more polar than 
propantheline bromide, so a 2 -stage extraction procedure for 
the preparative TLC was devised. This extraction procedure 
was based on the USP (5) test for xanthone and xanthanoic 
acid. The preparative TLC system chosen initially was the 
same as the analytical TLC procedure, and both procedures 
were based on the related substances test of the BP. This 
system yielded fractions that were identified as xanthone and

xanthanoic acid by IR, proton magnetic resonance (PMR), 
and mass spectrometry; however, the spectra indicated that 
the fraction containing the impurity was a mixture of com
pounds. Analytical TLC of this fraction showed propanthe
line bromide, the impurity, and one compound which had not 
previously been observed.

The stability of propantheline bromide under the TLC con
ditions was studied. It was found that inclusion of methanol 
in the developing and extraction solvents resulted in transes-
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10 9 8 7 6 5 4 3 2 1 0  

Figure 4. PMR spectrum of propantheline formate; chemical shift: ppm. See Figure 1 for peak identification.

10 9 8 7 6 5 4 3 2 1 0
Figure 5. PMR spectrum of 9-hydroxypropantheline formate; chemical shift: ppm. See Figure 1 for peak identification.

terification of propantheline bromide to give methyl xanthan- 
oate. This was confirmed by refluxing propantheline bromide 
in methanol to give methyl xanthanoate. The susceptibility 
of propantheline to nucleophilic attack has also been observed 
by Brown and Scaplehorn (7), who found that propantheline 
bromide treated with 0.880M ammonia during a basic extrac

tion procedure converted readily to xanthene-9-carboxylic 
acid amide. The reaction of propantheline bromide with 
methanol was utilized to prepare the methyl esters which 
were more readily characterized than the corresponding salts. 
The mass spectra of the compounds obtained, methyl xan
thanoate (III) and methyl 9-hydroxyxanthanoate (IV) (Table
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Table 2. PMR spectra of propantheline bromide and analogs

Assignment Propantheline formate Propantheline bromide 9-Hydroxypropantheline formate

Methyl protons 
of isopropyl moiety 

Impurity 
N-Methyl 
N-Methylene 
Methine 
O-Methylene 
Bridgehead 
Aromatic
Formate/formic acid

5 1.21 (m) 12 H 
5 2.00 (s)8 2.58 (s) 3 H 
8 3.41 (t) 2 H 
8 3.70 (q) 2 H 8 4.34 (t) 2 H 
8 5.07 (s) 1 H 
8 7.20 (m) 8 H 
8 8.20 (s)

8 1.26 (q) 12 H 
5 1.61 (s)
8 2.76 (S) 3 H 
8 3.82 (m) 4 H 
8 3.82 (m) 4 H 
8 4.398 5.07 (s) 1 H 
8 7.28 (m) 8 H

8 1.15 (m) 12 H

8 2.50 (S ) 3 H 
8 3.52 (m) 4 H 
8 3.52 (m) 4 H8 4.38 (unresolved multiplet) 2 H 
8 6.28 (water) 5.5 H 
8 7.34 (m) 8 H 
8 8.35 (s)

1) included ions corresponding to the molecular ions (240 and 
256) and the loss of the ester moiety (181 and 197, respec
tively). The mass spectrum of the hydroxy ester includes an 
ion at 239 which becomes the base peak of the chemical 
ionization spectrum This ion may arise through loss of a 
hydroxyl radical from the molecular ion in the electron impact 
spectrum or the loss of water from the M + 1 ion in the chem
ical ionization process.

The PMR spectra of methyl xanthanoate and methyl 9- 
hydroxyxanthanoate are shown in Figures 2 and 3, respec
tively. The PMR spectrum of the 9-hydroxy ester was similar 
to the spectrum of methyl xanthanoate with the methyl signal 
at a virtually identical position in both spectra. However, the 
aromatic signals were more dispersed for the 9-hydroxy ester. 
The signal due to the hydroxyl proton had a chemical shift 
similar to that of the bridgehead hydrogen of methyl xan
thanoate; however, rfter deuterium exchange this signal was 
removed entirely. The proton at the bridgehead position of 
methyl xanthanoate did not exchange under the same con
ditions, confirming the location of the hydroxyl moiety.

The replacement of methanol with acetonitrile in the prep
arative TLC system enabled the isolation of 9-hydroxypro- 
pantheline formate (II) which was identified by PMR and 
mass spectroscopy. The mass spectra of the salts propanthe
line bromide and 9-hydroxypropantheline formate did not 
contain a parent ion because propantheline or 9-hydroxypro
pantheline were not volatilized. The propantheline bromide 
spectrum contained peaks resulting from demethylation (353), 
desisopropylation (325), loss of an isopropyl and a methyl 
group (310), and loss of the ester moiety (181). The mass 
spectrum of 9-hydroxypropantheline formate showed the 
corresponding ions 16 mass units higher at mass/charge 369, 
341,326, and 197, respectively.

PMR spectra of propantheline formate and 9-hydroxypro
pantheline formate are shown in Figures 4 and 5, respectively, 
and the chemical shifts and assignments are shown in Table
2. Propantheline formate was prepared to examine the effect 
of the counter ion on the PMR spectrum of propantheline as 
some unexpected differences between the propantheline bro
mide spectrum and the 9-hydroxypropantheline formate 
spectrum were observed. Replacement of the formate counter 
ion with bromide results in a down field shift of all the signals 
assigned to the side chain and the N-methylene and methine 
signals. The splitting of the isopropyl methyl protons is sim
plified and more obviously a doublet of doublets. The PMR 
spectrum of 9-hydroxypropantheline formate differed from 
the spectrum of propantheline formate because the spectrum 
did not contain a signal corresponding to the bridgehead 
proton of propantheline. The aromatic signals were more 
dispersed than the corresponding propantheline signals. There 
were minor changes n the chemical shifts of the (V-methyl 
and iV-methylene peaks. As a result, the Ar-methylene and

methine signals were not resolved. The isopropyl methyl 
multiplet also showed increased complexity in its splitting.

Vose et al.(8 ) found a phenolic derivative of propantheline 
bromide as a metabolite of the same drug; however, the 
authors did not report any data concerning the pharmacology 
of the compound. During the progress of this work, Ravens- 
croft reported that tablets from the batch in question dis
played a reduced therapeutic effect when compared with 
other propantheline bromide tablets (P. Ravenscroft (1981)
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Princess Alexandria Hospital, Brisbane, Qld, Australia, per
sonal communication). These investigators also found that 
the batch of tablets contained a considerable amount of an 
unknown impurity. The 9-hydroxypropantheline bromide in 
these tablets most probably arises from a carryover in the 
synthesis of propantheline bromide, and it may be appropri
ate to set a limit for the content of this compound. The value 
of this limit will depend on the pharmacological activity of 9- 
hydroxypropantheline bromide.

The ease of hydrolysis of the ester group suggests that 
propantheline bromide tablets may exhibit stability problems. 
A 6-year-old retention sample, which had been assigned a 5- 
year shelf life by the manufacturer, consisted of a mixture of 
xanthone and xanthanoic acid. The stability of this product 
deserves further investigation, and application of the LC 
method described above should enable measurement of the 
extent of degradation in propantheline bromide tablets and 
provide more meaningful stability profiles for these products.
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Difference Spectrophotometric Estimation of Santonin
A BD EL-A ZIM  M. H A BIB, A B D A LLA  A. OM AR, and TAHA M. SARG 1

U n i v e r s i t y  o f  A l e x a n d r i a ,  D e p a r t m e n t  o f  P h a r m a c o g n o s y ,  F a c u l t y  o f  P h a r m a c y ,  A l e x a n d r i a ,  E g y p t

Santonin gives a characteristic alkaline vs acidic difference spectrum. 
This was used for its estimation in pharmaceuticals and in the crude 
drug. Santonin was first extracted and purified through a specific 
partition procedure; then the difference absorbance was measured 
either at the maximum, 285 nm , or the minimum, 242 nm. The per
centage of santonin can be calculated either by reference to the differ
ence absorbance of a reference santonin sample, treated similarly, or 
by making use of the determined absorptivity. Measurement at the 
maximum is advisable, especially when the crude drug is assayed, 
because natural contaminants may interfere with the difference absorb
ance at the minimum.

Santonica, the unexpanded flower head of A r t e m i s ia  c in a ,  
has long been used as an anthelmintic for roundworms. Its 
lactonic active principle, santonin, is official in most universal 
pharmacopeias (1). The crude drug is still official and in 
current use as folklore medicine in Egypt.

Pharmaceutical preparations of santonin (BPC, 1963) include 
single-component tablets (BPC, 1958) and tablets of binary 
mixtures with calomel (BPC, 1954) or phenolphthalein (2). 
Santonin injection is also official in the Japanese Pharmaco
peia (1).

Reported methods for estimating santonin include gravi
metric assay (3-5), in which the crystallized active principle 
is weighed after being isolated and purified through a series 
of partition purification steps, and sometimes additional chro
matographic purification steps. Other published methods are 
colorimetric estimations (6-9) that depend on a variety of 
color reactions which are neither specific nor quantitative. 
Still other methods estimate the lactone volumetrically by 
isolating it in a relatively pure form, cleaving the lactone ring 
by standard alkali, and back-titrating the excess alkali (10).

'Faculty o f Pharm acy, Zagazig U niversity, Zagazig, Egypt. 
Received M ay 12, 1982. A ccepted April 12, 1984.

The literature also reports polarographic methods (11, 12), 
infrared methods (13), and liquid chromatographic (LC) 
methods (2 ).

Almost all reported methods specify partition purification 
steps that are based on conversion of the lipophilic lactone 
to the hydrophilic alkali salt of the corresponding hydroxy- 
acid by the action of hot fixed alkali. In the present work, 
santonin was assayed by the difference spectrophotometric 
technique, which proved to be advantageous over direct 
spectrophotometric estimation because it eliminated spectral 
interferences of coexisting contaminants.

Experimental
A p p a r a t u s  a n d  R e a g e n t s

(a) S p e c t r o p h o t o m e t e r . — Double beam, self-recording 
spectrophotometer, capable of measuring absorbance in the 
range 220-400 nm.(b) R e f e r e n c e  s a n t o n i n . —Santonin D .A .B .- 6  (Chim- 
pharm, Bulgaria) was used in all work to measure absorptiv- 
ities, to compound artificial mixtures, and to enrich the crude 
drug.

(c) S a n to n in  s o l u t i o n .— Dilute reference santonin 1:1000 
in methanol.(d) S a n t o n i c a .—Different commercial samples were used.

(e) O t h e r  r e a g e n t s .—Barium hydroxide, saturated solu
tion; 0. IN NaOH; 0. IN HC1.
R e c o r d i n g  t h e  D i f f e r e n c e  S p e c t r a

Record alkaline vs acidic difference spectrum of santonin 
in the range 220-250 nm as follows: Dilute duplicate aliquots 
of santonin methanolic stock solution to desired concentra
tion, one with 0.1N HC1 (solution A) and the other with 0. IN 
NaOH (solution B). Record alkaline vs acidic difference spec



9 4 0 HABIB ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 67, NO. 5, 1984)

trum by placing solution A in reference cuvet and solution B 
in sample cuvet.

The linear relationship between absorbance (at 285 and 242 
nm) and concentration was demonstrated by recording the 
difference spectra for several concentrations of santonin, viz, 
1 :2 0  0 0 0  to 1 :2 0 0  0 0 0  solutions, and a rectilinear curve was 
obtained (Figure 1).
D e te r m in a t io n  o f  A b s o r p t iv i ty

The difference absorptivity of santonin was measured at 
the maximum {a285 = 9.56) and the minimum (a 2n = 6.04). 
However, the absorptivity at both wavelengths decreased 
about 13.6% from expected values when aliquots of reference 
santonin solution were subjected to the entire process of 
extraction, saponification, and partitioning that is necessary 
to assay the crude drug. Thus, a correction factor (1.13) was 
introduced into the calculations of santonin content when 
reference santonin was lacking.
A s s a y  P r o c e d u r e

Extract 1.0 g powdered drug by heating 15 min on a water 
bath under a reflux condenser with 20 mL CHC13. Repeat 
extraction process twice with further 10 mL portions of CHC13. 
Filter each CHC13 fraction through the same small piece of 
cotton into a boiling flask. Concentrate combined extracts to 
ca 5 mL. Add 5 mL saturated Ba(OH), solution, evaporate 
residual CHC13, then saponify by heating 15 min under a 
reflux condenser. Let settle, then filter through a small plug 
of cotton into a 25 mL volumetric flask. Repeat heating, under 
reflux, for 5 min, with 2 additional 5 mL portions of Ba(OH) 2 

solution, filtering each fraction through the same filter into 
the volumetric flask dilute to volume with water.

Transfer 10.0 mL aliquot of solution to small (50-100 mL) 
separatory funnel, and extract by shaking with 5 mL CHC13. 
Transfer CHC13 layer to another separator and wash with 5 
mL water. Combine aqueous solutions, acidify with 10N HC1 
(1.5 mL), and extract with successive portions of 20. 10, 10, 
and 10 mL benzene. Wash combined benzene solution with 
5 mL water, evaporate benzene solution completely in boiling 
flask, and dissolve residue in 25.0 mL methanol. Transfer 
duplicate aliquots, each 5.0 mL, into 25 mL volumetric flasks; 
dilute one with 0.1N HC1 (solution A) and the other with 0.1N 
NaOH (solution B). Measure difference absorbance (alkaline 
vs acidic) at 285 nm, by placing solution A in reference cell 
and solution B in sample cell of spectrophotometer.

Continue as under (A) or (B) below, depending on whether 
a reference santonin sample is available.

(A) I f  r e fe r e n c e  s a n to n in  is n o t  a v a ila b le :  Calculate per
centage santonin in sample according to the following for
mula:

Santonin, % = A ,'a  x 25/1000 x 25/5 x 25/10 x 1.13
x 100/g sample = 3.7A,/g sample

where A, = difference absorbance of test solution at 285 nm; 
a  = absorptivity of santonin at 285 nm (9.56); and 1.13 = 
correction factor for recovery of santonin.

(B) I f  r e fe r e n c e  s a n to n in  is  a v a i la b le : Saponify 10 mg san
tonin by heating 15 min on water bath under a reflux con
denser, and dilute to 25 mL with water. Continue as in second 
paragraph of A s s a y  P r o c e d u r e  (“ Transfer 10.0 mL ali
quot . . .” ); then calculate percentage santonin in assayed 
sample according to the following formula:

Santonin, % = A,/As x mg reference santonin/1000
x 100/g sample

Wavelength ( nm)

Figure 1. Alkaline vs acidic difference spectra of santonin solutions 
(1 = 1:20 000; 2 =  1:50 000; 3 =  1:100 000; 4 =  1:200 000, and s = 

solvent).

where A , = difference absorbance of test solution at 285 nm; 
As = difference absorbance of reference solution at 285 nm.

Results and Discussion
A study of the conventional ultraviolet spectrum of san

tonin showed its maximum absorption to be at 240 nm (log e 
= 4.12). However, attempts to develop a spectrophotometric 
finish for the assay procedure were hampered by the spectral 
interferences in the purified lactonic fraction. As expected, 
partition purification of the cleaved lactonic fraction did not 
eliminate acids, flavonoids, or other phenolic plant constit
uents. The presence of these compounds resulted in high 
absorbance for the purified lactonic fraction of santonica.

We believed that this drug could be a good candidate for 
assay by difference spectrophotometry, a technique that is 
recommended when solubility characteristics make separa
tion of spectral contaminants difficult (14).

The extraction procedure was developed using chloroform 
in the preliminary extraction step, and benzene for extraction 
of the lactone in the final step. The latter solvent proved to 
be a good extractant for the lactone but not for the polar 
spectral contaminants. This was tested by assaying an enriched 
sample by a modified version in which chloroform was used 
in the final extraction step; the chloroform extract was slightly 
colored, and results deviated from the calculated values. 
Measurement of the difference absorbance of a lactonic frac
tion, purified in this way would negate the interference of 
most absorbing contaminants (14).
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Table 1. Estimation of santonin in artificial samples, the crude drug, and enriched crude drug by the difference spectrophotometric method

Sample

Santonin content, %

Calcd

Found at

Max. Ampl.

Artificial:
1 10 10.1 10.12
2 5 4.99 5.00
3 2 2.12 2.19
4 1 1.02 1.02
5 0.5 0.47 0.52

Crude drug 2.81s

Enriched Rec., %
crude drug:

1 3.81 3.8c 100.5
2 4.81 4.61 95.8
3 5.81 5.51 94.8
4 6.81 6.91 101.5

Relative standard deviation = 1.68 (n = 3): calculated for crude drug.

The alkaline vs acidic difference spectrum of santonin 
showed a strong maximum at 285 nm (a  = 9.56), moderate 
minimum at 242 nm ( a  = 6.04), and an isosbestic point at 
about 260 nm (Figure 1); the latter feature proved to be useful 
for the detection of spectral impurities in the different puri
fication trials.

The santonin difference spectrum was shown to be consis
tent and stable for hours. The fact that this spectrum was 
consistent only for fixed alkali hydroxides suggests a lactone 
cleavage in the fixed alkali solution. Hence, the difference 
spectrum is of cleaved vs intact santonin, rather than a pH- 
induced difference spectrum of either form. This is in accor
dance with observations by Doyle (T. D. Doyle, Food and 
Drug Administration, private communication. 1982), who 
stated that an alkaline solution of hydrolized santonin, when 
made acid, changes smoothly but slowly over several hours 
to give a spectrum identical to the acid solution. Therefore, 
it is evident that the ring opening, and not the ionization, is 
responsible for the observed difference spectrum.

The difference absorbances at both the maximum (285 nm) 
and the minimum (242 nm) and, hence, also of the amplitude 
(242-285 nm), all showed a linear relationship with concen
tration (Figure I). Plots of difference absorbance against con
centration were also linear.

Results of enriched crude drug assay, however, showed 
concordance with calculator values only for assays measured 
at the maximum rather than at the minimum or the amplitude; 
the latter led to serious deviation. This is understandable from 
the fact that natural acidic and phenolic contaminants would 
interfere more with the difference absorbance at the lower 
wavelength (14, 15).

Santonin is by far the major lactonic principle of the crude 
drug. However, related minor lactones that are always included 
in official assays would be eliminated in the present method, 
to a large extent, by measuring with the difference spectro
photometric technique at the specific maximum of santonin.

The reliability of the method was determined by assaying 
different artificial and crude drug samples (Table 1). Assaying 
artificially enriched samples of santonica showed the assay

procedure to be of reliable accuracy and reproducibility. Results 
in Table 1 for the artificial samples of santonin are based on 
both the difference absorbance at 285 nm and the amplitude 
at 242-285 nm. Both measurement alternatives proved to be 
reliable. The results given for the crude and the enriched 
drug, however, are based on measurement at the maximum 
only.
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M IC R O B IO L O G IC A L  M E T H O D S
C o m p a r i s o n  o f  H e l iu m  L e a k  T e s t  a n d  V a c u u m  L e a k  T e s t  U s in g  C a n n e d  F o o d s :  
C o l la b o r a t iv e  S t u d y

U LY SSES S. R H E A , JAM ES E. GILCHRIST, JAM ES T. PE E L E R , and D H IR EN D R A  B. SHA H
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  M i c r o b i o l o g y ,  1 0 9 0  T u s c u lu m  A v e ,  C i n c i n n a t i ,  O H  4 5 2 2 6

Collaborators: B. Allen; D. Hoffman; W. Landry; C. D. Radle; S. Shields; A. Tepidino; G. Varney

Two can leak tests were compared by 7 collaborators. In the helium 
leak test, pressurized helium is applied to the outside of the container, 
and a headspace gas sample from the can is then analyzed for the 
presence of helium. The vacuum test is described in the Bacteriological 
Analytical Manual. Ninety No. 303 cans of creamed-style corn, green 
beans, carrots, fruit cocktail, and whole-kernel corn were shipped in 
3 groups. Two groups of 30 cans had 10 dented flat cans, 5 flat controls 
(nondented), 10 dented swollen cans, and 5 swollen control cans (non- 
dented). The th ird  group had 10 dented swollen cans and 5 swollen 
control cans. Of 600 cans analyzed, 37 (6.2%) were deleted from the 
analysis because results were not available for both tests. One labora
tory was constrained by scheduling to analyze 15 of 45 swollen cans. 
The helium leak test found 12 (13%) positives of 92 nondented swollen 
cans. One pressurization test yielded 7 of those 12 positives. Of the 400 
dented cans sent as possible leakers, the helium test found 267 positives, 
and the vacuum test found 181. Five of the 7 analysts had significantly 
(a  =  0.05) higher percent positive helium results. One analyst found 
more leakers by the vacuum leak test. Both tests found fewer positives 
in the swollen dented cans than in the flat dented cans. After exposure 
to pressurized helium, all cans with greater than 8 psi headspace 
pressure were positive helium leakers. The method was adopted official 
first action.

The most frequent source of bacterial contamination of low- 
acid canned foods is leakage after processing. Although 
underprocessing does occur, most contamination (spore and 
non-spore) results from leaks in malformed or dented cans. 
No official leak detection tests exist (1), but the B a c t e r i o l o g 
i c a l  A n a l y t i c a l  M a n u a l  (BAM) (2) lists 4 microleak proce
dures (vacuum leak, Mead jar, air pressure, and fluorescein 
dye tests). The air pressure and fluorescein dye tests are often 
used to detect the position of a leak in conjunction with seam 
inspection. Mead jar testing is performed on vacuum- or 
nonvacuum-packed dried or semidried products. The vacuum 
leak test is the procedure most frequently used in Food and 
Drug Administration (FDA) laboratories to screen for leaks 
in low-acid canned foods.

A recent report (3) indicates that the vacuum leak test may 
not detect very small leaks. As a result of this and another 
report (4), a helium leak test was developed. Put et al. (4) 
reported on a helium procedure in conjunction with mass 
spectrometry that detected openings as small as 1 pm.

Therefore, a study was designed to compare the helium 
leak test with the test now most frequently used to screen for 
microleaks. Because samples could not be prepared that had 
the same number and size of leak for each collaborator, a 
comparison of results by both vacuum and helium tests was 
performed to determine the presence or absence of a leak in 
typical dented cans (flat and swollen).
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Collaborative Study
A total of 90 No. 303 cans were sent to 7 collaborators in 

3 groups. Each collaborator received 15-30 cans in a ship
ment. The first 2 groups contained 5 cans of flat controls 
(nondented), 5 swollen controls, 10 dented (presumed leak
ers) flats, and 10 dented swollen cans. Group 3 consisted of 
10 dented swollen and 5 swollen controls. The cans contained 
creamed-style corn, green beans, carrots, fruit cocktail, and 
whole-kernel corn.

Collaborators were instructed to pierce cans similar to 
aseptic procedure 46.021, because swollen cans would rou
tinely be subjected to microbiological analysis (1 , 2) in addi
tion to leak testing. A 1.5 in. hole was cut in the top, and a 
portion of the contents was discarded. The hole was resealed 
before the helium test was performed. All cans were placed 
in a pressurized tank, exposed to helium, then pierced, and 
tested for helium on a gas chromatograph. In both swollen 
and flat cans, the end of the can opposite the dent was opened, 
and the vacuum leak test (2) was performed. The results of 
the vacuum test were reported as positive or negative. If the 
percent of helium was > 1 , the value was recorded and 
submitted for analysis.

Bacterial Contamination in Low-Acid Canned Foods Helium Leak Test First Action
Principle

He is inert gas with small MW that can be forced through 
micron size openings and be easily detected by gas chromatgc 
analysis. After can is pierced aseptically, and sample is taken 
for microbiological analysis, can is sealed with rubber disk 
and subjected to He at 45 psi for 30 min. Headspace sample 
is then taken and analyzed for He.

A p p a r a t u s
(a) G a s  c h r o m a t o g r a p h .—Instrument capable of sepg He 

from N, O, H, and CO: as described, or equiv., with strip 
chart recorder, gas partitioner (Fisher Model 1200, Fisher 
Scientific) with dual thermal conductivity cells and dual in
line columns. Column 1: 6'A  ft x Vs in. Al packed with 80- 
100 mesh Columnpak® PQ. Column 2: 11 ft x V,a in. Al 
packed with 60-80 mesh Molecular Sieve 13 x .

O p e r a t in g  c o n d i t i o n s :  column temperature = 75°; atten
uation 128; Ar carrier gas inlet pressure 40 psi, flow rate 26 
mL/min thru gas partitioner; bridge current 125 mA; column 
mode 1 & 2 ; temperature mode, column; injector temp., off.

(b) P u n c tu r in g  p r e s s  (F ig .  4 6 : 0 2 ) .—Made from drill press 
for electric hand drill with internal spring reversed to push 
head down. Metal valve, 3-way (Becton-Dickinson stopcock 
No. 3161); vac. pressure gage-30 in. Hg-0-60 psi, 2'/: in. face 
(US Gauge, Sellerville, PA 18960). Stainless steel piercer 1'/: 
in. x Vi in. (machined in local machine shop) with No. 2 
taper in piercer top, beveled Vs in. x Vu, in. at bottom. 'A in.
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x '/> in. silicone rubber gasket around beveled Vs in. piercer 
to maintain seal.

(c) H e l iu m  e x p o s u r e  ta n k .—ASME paint tank, 10 gal., tested 
to 100 psi, equipped with inlet and outlet microcontrol valves 
(Harrison Rubber and Supply Co., Court and Race Sts, Cin
cinnati, OH 45202).(d) P r e s s u r i z e d  h e l iu m  t a n k .—With 2 stage regulator.

(e) T im e r  a n d  s o l e n o i d .—To automate release of He from 
exposure tank.(f) H e l iu m  g a s  s t a n d a r d s .—Scientific Gas Products, Inc., 
2330 Hamilton Blvd, South Plainfield, NJ 07090.

(g) C y a n o a c r y la te  g lu e .—Superglue (3M, Minneapolis, MN, 
or equiv.).(h) C a n  o p e n e r .—Bacteriological, 46.065(a).

(i) R u b b e r  d i s c s . — V /s  'm. x Vs in. and 70 durometer (Neth- 
erland Rubber Co., 629 Burbank, Cincinnati, OH 45206).

C a l ib r a t io n  T e s t  P r o c e d u r e
For gas chromatographs equipped with side port loop (0.5 

mL), inject 5.0 mL calibrated He stds (suggested range of 5, 
15, 25, 50, and 75% He). For instruments not equipped with 
side port loop, inject appropriate vol. of stds. Use same vol. 
for analysis of headspace gas samples. Plot percent He vs He 
peak ht at attenuation used. Depending on qual. of instru
ment, plot should approx, a straight line.

Check gage on can piercer against known pressure and 
vac.

Test resealing procedure, 46.075, on control cans.
H e l i u m  E x p o s u r e  T a n I

Control introduction rate of He into exposure tank, and 
time cans are exposed to He pressure at 45 ± 2 psi. Timer, 
solenoid, and microvalves with vernier scales can facilitate 
procedure. Connect He source to exposure tank. Turn timer 
on to close outlet solenoid valve. Approx. 15-20 min are 
needed to reach 45 psi in tank. Make minor adjustments if 
necessary. Adjust timer to expose cans to He pressure at 45 
psi for 30 min (30 min exposure period is in addition to time

necessary to reach 45 psi). Tank pressure should be reduced 
to 0 psi within 5-10 min.

P r e p a r a t i o n  o f  C a n  f o r  H e l i u m  T e s t
If sample is to be taken for microbiological testing, proceed 

as in 46.066.
For nonsterile opening of can, use opener, 46.065(a) to cut 

V/2 in. hole in can lid. Remove and discard portion of con
tents.

Push down any sharp metal projections around 1.5 in. hole. 
Wipe lid dry and lightly sand area where rubber disc will be 
inserted. Pool cyanoacrylate glue around surface covered by 
edge of rubber disc. Place disc over hole and smooth edges 
with fingers to remove air bubbles. Place wt (>500 g) on disc 
>  1 h.

943

C o l l e c t i o n  a n d  H e a d s p a c e  G a s  A n a l y s i s
Can piercing assembly is shown in Fig. 46:02. Before pierc

ing can, close gage valve and pull plunger on syringe to 
remove air from silicone tubing. Close syringe valve and 
expel air from syringe. Puncture can and open gage valve to 
read vac. or pressure. Turn gage valve and syringe valve to 
release gas into syringe. If gas sample is >5.0 mL, withdraw 
this amt (as shown in Fig. 46:02) and inject into port of gas 
chromatograph. If gas sample is <5.0 mL, force collected gas 
back into can. Close syringe valve to retain gas in tubing and 
can. Use syringe to add 40 mL room air to can, and pump 
syringe twice to mix gas. Let syringe equilibrate to atm. 
pressure and record syringe vol. From this dil. gas, sample 
may be obtained for gas chromatograph. Percent He mea
sured should be divided by diln factor to obtain correct per
cent He in headspace gas. Use following formula to det. diln 
factor:

Diln factor = (equilibrated syringe vol. -  40 mL air
+ headspace vol.)/(equilibrated syringe vol.

+ headspace vol.)
For example: (43 -  40 + 9)/(43 + 9) = 12/52 = 0.23 diln 

factor
% He in can = % He measured/diln factor

For example: 5% He/0.23 = 22% He in can
Headspace vol. may be measured by piercing control can 

that still has vac. Assume sample and control can same vol
ume. Measure amt of vac. (in. Hg) and vol. air pulled in from 
syringe.

Headspace vol. = measured vol. from syringe
x 30 in. Hg/measured vac. in can (in. Hg)

For example, if 6 mL air is pulled into can and vac. is 20 
in. Hg, then:

Headspace vol = 6 mL x 30 in. Hg/20 in. Hg = 9 mL
To perform addnl work on can, collected gas may be stored 

in capped syringe 2-3 h without appreciable change in its 
composition.

I n t e r p r e t a t io n  o f  R e s u l t s
Report can as leaker if, after exposure to pressurized He, 

can internal pressure is ^ 8  psi or percentage He is ^1%. 
Report can as nonleaker if, after exposure to pressurized He. 
can internal vac. :s >5 in., or percentage He is <1%.

&  4  .
FIG. 46:02— Puncturing press
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Table 1. Number of can leaks observed by the vacuum and helium tests

Can type Coll.

Vacuum test Helium test Total number 
of cans 
testedI» II II Total I II II Total

Neg. control 1 0 0 0 0 0 1 0 1 15
Nondented 2 0 0 0 0 0 0 0 0 15
Flat cans 3 0 0 0 0 0 0 0 0 15
Flat cans 4 0 0 0 0 0 0 0 0 15
Flat cans 5 0 0 0 0 0 0 0 0 13
Flat cans 6 1 0 0 1 0 0 0 0 15
Flat cans 7 0 0 0 0 0 0 0 0 14
Total 1 0 0 1 0 1 0 1 102

I III III Total I III III Total

Neg. control 1 0 0 0 0 0 0 1 1 13
Nondented 2 0 0 0 0 1 1 0 2 15
Swollen cans 3 0 0 0 0 0 0 0 0 15
Swollen cans 4 0 0 0 0 0 0 1 1 15
Swollen cans 5 0 0 0 0 0 5 2 7 15
Swollen cans 6 0 0 0 0 0 0 0 0 15
Swollen cans 7 0 _b _b 0 1 _b _b 1 4
Total 0 0 0 0 2 6 4 12 92

1 ii II Total I II II Total

Neg. control 1 5 9 5 19 7 8 5 20 26
Dented cans 2 5 8 4 17 6 10 8 24 30
Flat cans 3 7 5 8 20 10 6 7 23 29
Flat cans 4 4 0 0 4 7 10 9 26 29
Flat cans 5 3 5 6 14 6 6 9 21 29
Flat cans 6 8 8 9 25 7 8 9 24 30
Flat cans 7 2 7 4 13 9 8 8 25 27
Total 34 42 36 112 52 56 55 163 200

1 III III Total I III III Total

Neg. control 1 2 3 3 8 2 9 8 19 25
Dented cans 2 0 7 2 9 1 10 8 19 23
Swollen cans 3 2 3 4 9 6 4 5 15 26
Swollen cans 4 6 5 6 17 8 8 6 22 30
Swollen cans 5 0 10 2 12 3 10 4 17 27
Swollen cans 6 6 3 2 11 1 2 1 4 29
Swollen cans 7 2 _b _b 2 8 _b _b 8 9
Total 18 31 19 68 29 43 32 104 169

"Sequence in which the samples were analyzed.
“Samples not analyzec.

Table 2. Summary of can leaks detected by food product and data set

No. of leaks

Vacuum Helium
Can type Data set Food type test test

Nondented Creamed-style corn 1 0
Flat cans II Carrots 0 1
Flat cans II Green beans 0 0
Nondented I Creamed-style corn 0 2
Swollen cans III Fruit cocktail 0 6
Swollen cans III Whole-kernel corn 0 4
Dented cans I Creamed-style corn 34 52
Flat cans II Carrots 42 56
Flat cans II Green beans 36 55
Dented cans I Creamed-style corn 18 29
Swollen cans III Fruit cocktail 31 43
Swollen cans III Whole-kernel corr 19 32

"Sequence in which the samples were analyzed.

Results and Discussion

More leaks were detected with the helium leak test than 
with the vacuum test for flat and swollen cans and for all food 
products. Only 1 collaborator observed more leaks with the 
vacuum leak test than with the helium test.

Three sets of cans were sent to the 7 collaborators. The 
first set consisted of flat and swollen dented cans plus non- 
dented controls. A similar set of samples was sent in the 
second set. Only the results from flat cans were returned, 
because it was difficult to prepare swollen cans. The swollen 
cans were discarded, and a third group of cans consisting of 
swollen dented cans and controls was shipped. Table 1 shows

results from the study, and Table 2 summarizes these results 
by food product. I, II, and III denote the sequence of analysis. 
The number of positive results (leakers) is tabulated in these 
tables.

Table 1 shows the number of cans that could be used to 
compare vacuum and helium tests. The 15 controls and 30 
dented cans sent to replace the flat and swollen cans represent 
the maximum number of comparative results. However, 
experimental problems prevented the completion of one or 
both of the tests. Collaborator 7 did not report 36 tests.

Three collaborators experienced particular problems with 
resealing the cans during the analysis of the first set. The 
technique involving swollen cans was sensitive to surface
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Table 3. Summary of results from each collaborator Table 4. Comparison of test procedures for can type

Coll.

% positive leakers8

Chi-square
X?

Total
No.

of cans 
tested Can type

% positive leakers8

Chi-square
X?

No. Of
cans

examined
Vacuum

test
Helium

test
Vacuum

test
Helium

test

3 31.1 44.7 1.58 85 Nondented
6 41.6 31.5 1.55 89 flat cans 1.0 1.0 0.00 102
1 34.2 51.9 4.36" 79 Dented
2 31.3 54.2 7.97" 83 flat cans 56.0 81.5 29.09" 200
5 31.0 53.6 7.90" 84 Nondented
4 23.6 55.1 17.16" 89 swollen cans 0.0 13.0 10.79" 92
7 27.8 63.0 12.10" 54 Dented

swollen cans 40.2 61.5 14.50" 169

"Cans with reported values of a  1% were noted as leakers.
"Significant at the a =  0.05 level. "Significant at the a = 0.05 level.

preparation and sealant application during insertion of the 
rubber disc. The results from the third set of cans indicated 
that the sealing was adequate. Of 630 cans, 563 were available 
for analysis. Of the 67 cans for which results could not be 
obtained, 30 were from Collaborator 7, who could not analyze 
the sample because of scheduling problems. The 37 (6.2%) 
other missing results were due to resealing problems, valve 
leaks, excess end distortion, and lack of reporting (3 tests).

Table 3 presents a statistical summary of results by collab
orators. Each collaborator received 90 cans. The percent of 
positive leakers was computed for each test by collaborator. 
Collaborator 6 found more positive results with the vacuum 
test. Five of the 7 collaborators had significantly (a = 0.05) 
higher results with the helium test. The chi-square test (5) 
was performed on a 2 x 2 contingency table (2 tests, 2 

results). Table 4 lists percent positive leakers by type of can 
(flat and swollen). Only 1% of the flat controls were positive, 
but 13% of the swollen controls were positive. Collaborator 
5 had 7 of the 12 positive results.

The helium test yielded significantly ( a  =  0.05) more pos
itive results on dented cans than did the vacuum test. Of the 
400 dented cans sent as possible leakers, the helium test found 
267 positives, and the vacuum test found 181. With the dented 
flat cans, positive results were 81.5% for the helium versus 
56% for the vacuum test. For dented, swollen cans, positive 
results were 61.5% for the helium and 40.2% for the vacuum 
test.

All of the dented cans were expected to have leaks, but 
preliminary experiments showed that some of these leaks 
resealed or that food particles clogged the holes. Thus, it was 
impossible to send homogeneous samples to the collabora
tors. The number of cans that still leak when they reach the 
collaborators is not known, but 2 0% fewer positives were 
detected in swollen cans than in flat dented cans. The internal 
pressure may produce resealing in more of the swollen cans. 
Results from our laboratory indicate that holes as small as 1 
p,m in diameter can be detected by the helium test. Leaks in 
dented cans are irregular in shape, and, thus, a minimum limit 
of detectability would be difficult to specify.

The collaborators reported the pressure on the gauge when 
the cans were pierced. When the gauge pressure was > 8 psi, 
the helium test yielded a positive result. Fifty-eight percent 
of the flat leakers and 71% of the swollen leakers had > 8 psi 
reading. The time required for the helium test can be decreased 
by reporting a can with gauge pressure >  8 psi as positive 
and omitting the gas chromatographic analysis.

Resealing problems were evident in the first set of samples, 
but the third group seemed to confirm the utility of the test. 
Though the vacuum test can be performed in less time, the 
helium test can detect more leaks and is less subjective in 
interpretation. We recommend that the helium leak test be 
adopted official first action.
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D etection o f E sc h e r ic h ia  c o li E nterotoxins by Using Mouse A drenal C ell and S uckling Mouse 
Assays: C o llabo ra tive  Study

JO SE PH  L O V ETT and JA M ES T. PE E L E R
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  M i c r o b i o l o g y ,  1 0 9 0  T u s c u lu m  A v e ,  C i n c i n n a t i ,  O H  4 5 2 2 6

Collaborators: B. K. Boutin; J. S. Cholensky; A. W. Edwards; J. L. Ferreira; J. M. Hunt; C. A. Kaysner;
K. O’Brien; R. M. Ruby

The ability of 10 Escherichia coli strains to produce heat-stable entero- 
toxin (ST) and heat-labile enterotoxin (LT) was determined by 8 ana
lysts in a collaborative study. The suckling mouse model and the mouse 
adrenal cell line (Y-l) tests were used to detect ST and LT, respectively. 
Cultures for assay were grown 24 h in casamino acid-yeast extract- 
trace salts broth a t 37CC in a shaker incubator at 250 rpm . Cell-free 
culture broth prepared by centrifugation and filtration was divided 
into 2 portions: One was heated for 30 min and used both for ST assay 
and as a heated control for LT assay; the other was used unheated for 
LT assay. Results were expressed as positive for ST, positive for LT, 
positive for ST and LT, or negative for both ST and LT; percent of 
correct estimates was calculated for each culture for each analyst. At 
the 95% confidence interval, the overall correct results were 96.3 ±
2.9 and 95.0 ±  3.4% for ST and LT, respectively. The test perfor
mances thus were satisfactory for detecting ST and LT produced in 
vitro by E. coli. The method has been adopted official first action.

When exposed to cholera toxin or the heat-labile enterotoxin 
(LT) of E s c h e r i c h ia  c o l i ,  the Y-l mouse adrenal cell line 
responds by a change in morphology from flat to round. This 
response is mediated by adenyl cyclase and is irreversible (1 , 
2). The intragastric administration of heat-stable enterotoxin 
(ST) of E . c o l i  to the suckling mouse causes fluid accumula
tion in the intestinal lumen. This measurable response is 
mediated by guany) cyclase (3, 4). Although both of these 
assays have been in common use for a decade, neither has 
been studied collaboratively. The purpose of this study was 
to determine the suitability of using these 2 assays to detect
E . c o l i  enterotoxin s.

Interlaboratory Study Protocol
C u ltu r e s

Each of 8 analysts was supplied with 10 E . c o l i  strains in 
duplicate, numbered 1-20. The strains and the enterotoxins 
produced by them are shown in Table 1. Cultures were main
tained and shipped to collaborators on trypticase soy broth. 
Known enterotoxin-positive and -negative cultures, previ
ously supplied as a practice set, were recommended as pos
itive and negative culture controls. In addition, each analyst 
was supplied with the tissue culture for the LT assay, a copy 
of the protocol, analyst’s worksheets, and a report form. 
Copies of the worksheets and the original report form were 
returned when the assays were completed. The Y-l mouse 
adrenal cell line was obtained from American Type Culture 
and was maintained and shipped to the collaborators in a 
growth medium described later.
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This report of the Associate Referee, J. Lovett, was presented at the 97th 

Annual International Meeting o f the AO AC, Oct. 3 -6 , 1983, at Washington, 
DC.

The recom m endation of the Associate Referee was approved by the General 
Referee and Com mittee F and adopted by the Association. See J. Assoc. Off. 
Anal. Chem. (1984) 67, M arch issue.

E s c h e r i c h i a  c o l i Enterotoxins 
Mouse Adrenal Cell and Suckling Mouse Assays 

First Action

P r in c ip l e
When exposed to cholera toxin or heat-labile enterotoxin 

of E s c h e r i c h ia  c o l i ,  mouse adrenal cell line, designated Yl, 
responds by change in morphology from flat to round. Response 
is mediated by adenyl cyclase and is irreversible. Intragastric 
administration of heat-stable enterotoxin of E . c o l i  to suckling 
mouse causes fluid accumulation in intestinal lumen. This 
measurable response is mediated by guanyl cyclase.

M e d i a  a n d  R e a g e n t s
(a) C a s a m in o  a c i d s - y e a s t  e x t r a c t  ( C A Y E )  b r o th .— S o  In a :  

Casamino acids, 20 g; yeast ext, 6  g; NaCl, 2.5 g; K2H P04, 
8.71 g; adjust to pH 8.5 with 0.1N NaOH, and to final vol. of 
1 L. S o ln  b :  MgS04, 50 g; MnCL, 5 g; FeCl2, 5 g; dissolve in 
min. amt of 0.01N H 2S 0 4, and adjust to final vol. of 1 L with 
H20 .

Add 1 mL soln b to soln a before sterilizing; autoclave 15 
min at 121°C after dispensing.

(b) T r y p t i c a s e  s o y - y e a s t  e x t r a c t  (T S Y E )  b r o th .—Com. 
trypticase soy broth rehydrated as directed with 0 .6 % yeast 
ext added.

(c) T is s u e  c u l tu r e  m e d i a .—(1 ) G r o w th  m e d iu m :  Ham’s F- 
10 with glutamine and NaHC03 (Flow Labs), 100 mL; new
born calf serum, 10 mL; antibiotic cone. (5000 IU penicillin 
G, and 5000 |xg streptomycin/mL), 1 mL. (2 ) M a in t e n a n c e  
m e d iu m :  Same as (7) except serum level is 1%.

(d) D u l b e c c o ' s  P B S ,  p H  7 .5 .— NaCl, 8 g; KC1, 200 mg; 
Na2H P0 4.7H20 , 2.16 g; KH2P 0 4, 200 mg; make up to 1 L 
with H20  and autoclave 15 min at 121°.

(e) T r y p s in .—0.25% in Dulbecco’s PBS.
(f) C h o le r a  e n t e r o to x i n .—1 mg/mL when reconstituted as 

directed (Schwartz/Mann).
(g) M i c e .—Outbred white Swiss mice, 3-5 days old.
(h) E v a n s  b l u e .—2% soln.

E q u i p m e n t  a n d  M a te r ia l s
(a) S e r o l o g i c a l  p i p e t s .—1 and 5 mL, small tip.
(b) P i p e t s .—25 p.L.
(c) S w in n e x  f i l t e r s .—25 mm 0.45 p.m membrane.
(d) D i s p o s a b l e  s y r i n g e s .—5 mL, accommodating Swinnex 

filters.
(e) T is s u e  c u l tu r e  f l a s k s .—Plastic, 75 sq. cm.
(f) V e r t i c a l  l a m in a r  f l o w  h o o d .—Biological containment, 

equipped with HEPA filters.
(g) I n c u b a t o r .— C 02, set at 35° and 5% C 02.
(h) M i c r o t i t e r  t i s s u e  c u l tu r e  p l a t e s .—96 wells, with lids, 

sterile.
(i) S y r in g e .—1 mL, disposable.
(j) A n im a l  f e e d i n g  n e e d l e .—24 gage, 1 in., straight.
(k) N e e d l e .—27 gage. Not needed if p e r  o s  procedure is 

followed.
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Table 1. Cultures used In E. c o li enterotoxlns bioassay collaborative 

study

Culture

Enterotoxins producedNc. Identity Source

1 and 19 1362 H. W. Moon“ LT and ST
2 and 14 B7A I. Mehlman" LT and ST
3 and 17 263 H. W. Moon LT only
4 and 15 1408 H. W. Moon LT only
5 and 20 B44 I. Mehlman ST only
6 and 13 E38 FDA Collection none
7 and 18 987 H. W. Moon ST only
8 and 12 H10407 I. Mehlman LT and ST
9 and 16 E19 FDA Collection none

10 and 11 339 I. Mehlman LT and ST

“USDA, National Animal Disease Laboratory, Ames, IA 50010. 
"Division of Microbiology, FDA, Washington, DC 20204.

Labile Toxin (LT)

D a y  1
(a) Inoculate control cultures and cultures to be assayed 

into TSYE broth in 16 x 125 mm screw-cap tubes. Incubate 
in shaker incubator overnight at 37°. Both known enterotoxin- 
pos. and enterotoxin-neg. E . c o l i  cultures should be used as 
controls, in addition to cholera toxin-pos. control.

(b) Remove growth medium from confluent layer of YI 
cells in 75 sq. cm flask. (One flask will provide enough cells 
for 2 microtiter assay plates.) Wash cell layer with PBS. 
Remove PBS wash and add 5 mL trypsin. After 1 min expo
sure, remove 4.5 mL trypsin and place flask in 35° incubator. 
Observe at 5 min intervals for cell detachment. When cell 
sheet has detached, add 5 mL growth medium and pipet 
repeatedly to break up cell clumps.

(c) Add cells from Day 1 (b) to 35 mL growth medium (tctal 
vol. is 40 mL) in small beaker. Stir this suspension while 
pipeting 0.2 mL into each well of two 96-well microtiter 
plates, using macroliter pipet. Cover finished plates and incu
bate ca 48 h at 35° in CO: incubator.

D a y  2
(d) Add 2 drops of previously prepd starter culture, Day 1 

(a), to 10 mL CAYE broth in 50 mL Erlenmeyer and incubate 
24 h at 37° in shaker incubator at 250 rpm.

D a y  3
(e) Centrf. 24 h culture from Day 2 (d). (Twenty min at 2500 

rpm will clarify most cultures of E . c o l i . ) .  Filter supernate 
thru 0.45 |xm membrane in Swinnex syringe-end filter holder.

(f) Divide filtrate into 2 portions. Heat one portion 30 min 
at 80°; leave other portion unheated. Both heated and unheated 
portions are assayed. Heated portion serves as neg. control. 
Store both at 4°.

(g) Prep, cholera toxin soln of 1 ng CT/mL in PBS. Soln is 
used as pos. control for cell reactivity. Note: CT is unstable 
at this concn, even at 4°; prep, daily from stock soln.

(h) Remove microtiter plates prepd in Day 1 (c) and replace 
growth medium with maintenance medium, 0.2 mL/well.

(i) Add 0.025 mL assay and control solns to one or more 
wells (4/test substance recommended) of microtiter plate, 
using microtiter syringe. Incubate microtiter plates 30 min at 
35° in CO: incubator.

Replace maintenance medium, 0.2 mL/well. Incubate 
microtiter plates overnight at 35° in CO: incubator.

D a y  4
(j) Examine microtiter plates for degree of rounding, start

ing with controls. Score rounding as follows:

0  = no rounding
1 = ca 25% rounding
2 = ca 50% rounding
3 = ca 75% rounding
4 = 100% rounding

Score >2 is reported as pos. for LT. Score <2 is recorded as 
neg. Neg. controls should show <10% rounding.

Stable Toxin (ST)

D a y  1
(a) Inoculate starter culture. Procedure is identical to Day 

1 (a), and need not be repeated when both assays (LT and 
ST) are done concurrently.

D a y  2
(b) Inoculate CAYE assay culture. Procedure is identical 

to Day 2 (d), and need not be repeated when both assays (LT 
and ST) are done concurrently.

D a y  3
(c) Prep, cultures for assay. Procedure is same as Day 3 (e) 

and (f), and need not be repeated if both assays (LT and ST) 
are done concurrently. Heated portion only is used in ST 
assay (suckling mouse). Material for ST assay may be stored 
at 4° for several days without noticeable loss of activity.

D a y  4
(d) Add 2 drops of sterile Evans blue to 1 mL filtrate to be

assayed.
(e) Inject suckling mice percutaneously with 0.1 mL filtrate 

into milk-filled stomach. Use tuberculin syringe and 27 gage 
needle. Inject min. of 4 mice for each filtrate. Discard all 
injections in wh.ch blue filtrate is not confined to stomach 
(immediate visual inspection) o r

(f) Inject p e r  o s  0.1 mL filtrate into stomach of each mouse, 
using tuberculin syringe equipped with 24 gage feeding nee
dle. This procedure may be used instead of percutaneous 
injection described in Day 4 (e). Either method works and 
preference is based on analyst’s familiarity. Both methods 
yield equiv. results.

(g) Hold mice 3 h at r o o m  t e m p .  Sacrifice mice by CO: 
inhalation. Open each abdomen and remove intestinal tract 
with exception of stomach and liver. Pool intestines treated 
with same filtrate in tared weighing vessel. Pool remainder of 
carcasses in another tared weighing vessel. Weigh both ves
sels on balance accurate to 0.01 g. Compute ratio of intestine 
wt/carcass wt.

I n t e r p r e t a t io n
Report ratio >0.083 as pos. for ST. Report ratio sO.074 as 

neg. for ST. Ratio 0.075-0.082 calls for re-examination of 
filtrate involved.

Results and Discussion

At 2 steps in the assay protocol, the analyst was given 
options. In culturing bacteria for assay, either a shaker incu
bator or roller tube device was permitted for culture aeration. 
Although the roller tube device was not preferred, it was 
allowed in deference to those laboratories without shaker 
incubators. Only one analyst. No. 7, used the roller tube 
device. The second option, either percutaneous or per os 
inoculation of infant mice, was permitted because some ana
lysts had learned and preferred one or the other procedure. 
Our experience ndicated that both procedures gave equiva-
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Table 2. Results of E. c o ll enterotoxlns bioassay collaborative study

q.EcaCD

Expected
result Coll. 1 Coll. 2 Coll. 3 Coll. 4 Coll. 5 Coll. 6 Coll. 7 Coll. 8

E. c o li - 
5 strain LT ST LT ST LT ST LT ST LT ST LT ST LT ST LT ST LT ST

1 1362 >2.0 >0.083 4.00 0.126 2.75 0.088 4.00 0.103 0.00 0.052 3.00 0.086 4.00 0.117 4.00 0.089 4.00 0.111
2 B7A >2.0 >0.083 4.00 0.120 3.50 0.091 4.00 0.196 3.00 0.116 3.00 0.093 4.00 0.124 1.00 0.060 4.00 0.145
3 263 >2.0 <0.075 4.00 0.068 1.75 0.057 3.00 0.064 3.00 0.068 3.50 0.052 4.00 0.068 4.00 0.059 4.00 0.074
4 1408 22.0 <0.075 4.00 0.072 3.00 0.063 4.00 0.057 3.00 0.055 3.50 0.057 3.50 0.064 4.00 0.064 4.00 0.066
5 B44 <2.0 >0.083 0.00 0.119 0.00 0.095 0.00 0.129 0.00 0.117 0.25 0.104 1.00 0.139 0.00 0.101 0.75 0.127
6 E38 <2.0 <0.075 0.00 0.072 0.00 0.065 0.00 0.052 0.00 0.064 0.00 0.054 1.00 0.062 0.00 0.061 0.50 0.052
7 987 <2.0 >0.083 0.00 0.119 0.00 0.087 0.00 0.110 0.00 0.104 0.50 0.108 1.50 0.106 0.00 0.085 0.00 0.134
8 H10407 >2.0 >0.083 4.00 0.125 3.75 0.095 3.00 0.097 4.00 0.096 2.75 0.096 4.00 0.085 4.00 0.062 4.00 0.063
9 E19 <2.0 <0.075 0.00 0.064 0.00 0.060 0.00 0.057 0.00 0.043 0.00 0.054 1.00 0.064 0.00 0.056 0.00 0.065

10 339 >2.0 >0.083 3.00 0.112 3.25 0.102 3.00 0.124 4.00 0.107 0.00 0.140 4.00 0.105 3.00 0.092 4.00 0.121
11 339 >2.0 >0.083 2.00 0.126 1.75 0.106 3.00 0.073 2.00 0.124 0.00 0.121 4.00 0.102 4.00 0.098 4.00 0.120
12 H10407 >2.0 >0.083 3.00 0.092 2.75 0.126 3.00 0.119 3.00 0.102 1.00 0.105 4.00 0.071 1.00 0.054 3.00 0.070
13 E38 <2.0 <0.075 0.00 0.060 0.00 0.053 0.00 0.062 0.00 0.042 1.50 0.062 0.00 0.060 0.00 0.084 0.00 0.053
14 B7A >2.0 >0.083 4.00 0.137 4.00 0.105 3.00 0.119 2.50 0.100 2.50 0.113 4.00 0.117 0.00 0.089 3.00 0.155
15 1408 >2.0 <0.075 4.00 0.072 2.75 0.057 3.00 0.065 3.00 0.039 3.00 0.058 4.00 0.058 0.00 0.047 3.00 0.065
16 E19 <2.0 <0.075 1.00 0.069 0.00 0.056 0.00 0.052 0.00 0.036 0.00 0.058 0.00 0.054 0.50 0.091 0.00 0.053
17 263 >2.0 <0.075 4.00 0.070 0.25 0.056 2.00 0.057 3.00 0.048 2.75 0.052 4.00 0.054 3.75 0.054 3.00 0.083
18 987 <2.0 >0.083 0.00 0.096 0.00 0.103 0.00 0.102 0.00 0.111 0.25 0.111 1.00 0.090 0.00 0.091 0.00 0.143
19 1362 >2.0 >0.083 4.00 0.089 1.50 0.102 2.00 0.098 2.00 0.114 2.50 0.092 4.00 0.102 4.00 0.110 3.00 0.136
20 B44 <2.0 >0.083 0.00 0.117 0.00 0.113 0.00 0.102 0.00 0.108 1.50 0.101 2.00 0.102 0.00 0.063 0.00 0.111

Culture method 
Mouse inoculum routeI3

shaker
pc

shaker
po

shaker
pc

shaker
po

shaker
po

shaker
po

roller tube 
pc

shaker
pc

“pc = percutaneous; po = per os.

Table 3. Summary of E. c o li ST bioassay results

Strain Mean of result CV, %“ Correct result, %“

1362 0.101“ 20.3 94
B7A 0.118 26.9 94
263 0.062 14.1 94

1408 0.060 14.0 100
B44 0.109 14.8 94
E38 0.060 16.5 94
987 0.106 16.0 100

H10407 0.091 25.5 69
E19 0.058 21.0 94
339 0.111 14.8 94

“Percent coefficient of variation of error plus among-analysts 
components (5).

“Mean percent correct result with 95% confidence interval = 92.5 ± 4.1. 
“Computed gut weight/body weight ratios, suckling mouse assay.

Table 4. Summary of E. c o ll LT bioassay results

Strain Mean of result Correct result, %“

1362 3.05“ 94
B7A 3.09 88
263 3.13 88

1408 3.23 94
B44 0.34 94
E38 0.19 100
987 0.20 100

H10407 3.14 88
E19 0.16 100
339 2.81 81

“Mean percent correct result with 95% confidence interval = 92.5 ± 4,1. 
“Based on visual estimate of Y-1 rounding, scored on a scale of 0-4.

lent results. Four analysts chose percutaneous and 4 chose 
per os routes for the inoculum.

Data resulting from both the LT and ST assays are given 
in Table 2. ST values are means of calculated ratios of gut 
weight over body weight of all mice given a particular culture 
inoculum. These measurements were subjected to analysis 
of variance procedures. LT values are the means of 4 visual 
estimates of percent of Y-1 cell rounding for each culture 
fluid, converted to a score varying from 0 to 4. LT bioassay 
scores are more subjective and qualitative, and therefore 
were not subjected to analysis of variance procedures. Com

ponents of variance of ST measurements were estimated by 
analysis of variance (5) for each culture in the suckling mouse 
assay procedures. However, both ST and LT assays, ccllab- 
oratively studied as screening tools, are qualitative tests 
designed to say yes or no to the question; Does this culture 
produce ST and/or LT? Since each culture had a history of 
consistent enterotoxin production or lack of it, cultures were 
expected to yield either positive or negative results. The 
percentage of correct results (CR) was calculated for each 
culture and each analyst.

Table 3 presents mean results of the ST bioassay with 
percent coefficient of variation (CV), and percent CR by 
culture. Estimates of percent CV for components for ST 
ranged from 14.0 to 26.9%. The components on which these 
variance estimates are based consist of experimental error 
and among-analyst error (5). Values of percent CR for ST 
ranged from 94 to 100 for 9 of 10 cultures. A value of 69%, 
observed for culture H 10407, resulted from the reports of 3 
analysts. The overall percent CR with 95% confidence inter
val for ST bioassay was 92.5 ± 4 .1 .

Table 4 presents the mean results of LT bioassay with 
percent CR. The overall percent CR with 95% confidence 
interval for LT bioassay was also 92.5 ± 4 .1 .

The percent CR (by analyst) for both bioassays (ST and 
LT) is given in Table 5. Analyst 7 had significantly (a = 0.05) 
lower gut weight/body weight values and thus had only 70% 
CR for the ST bioassay. Of 12 false scores for ST, 6  came 
from analyst 7’s report. Of 12 false scores for LT, 4 were 
contributed by analyst 7. If percent CR were recalculated for 
both bioassay procedures, eliminating the data of analyst 7 , 
the values for ST and LT with 95% confidence intervals would 
be 96.3 ± 2.9 and 95.0 ± 3.4%, respectively.

We believe the poor performance of analyst 7 was due to 
the choice of a roller tube device to provide culture aeration. 
This analyst was the only one to make that choice, and the 
dissimilarity of those results is striking. We have concluded 
that roller tube aeration is not adequate and recommend the 
use of a shaker incubator at 250 rpm for culture production 
as the only acceptable procedure.

Two hypotheses remain to be tested: (/) the 2 tests being 
evaluated identified known enterotoxin negative and entero-
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Table 5. Summary of E. co il enterotoxins bioassay results: analyst 

performance

Analyst
ST bioassay 

Correct result, %
LT bioassay 

Correct result, %

1 100 100
2 100 85
3 95 100
4 95 95
5 95 85
6 100 95
7 70 80
8 85 100

Mean 92.5 92.5
Mean without analyst 7 96.3 95.0

toxin positive cultures at the same frequency, and (2 ) per os 
and percutaneous infant mouse inoculation gave equivalent 
results. To test these hypotheses, estimates of overall pro
portion of correct identification were computed. The propor
tions (p) were 1.00 and 0.92 for known negative and positive 
LT cultures, and 0.94 and 0.92 for known negative and pos
itive ST cultures, respectively. These proportions do not 
differ significantly at the a  = 0.05 level (6). When ST results 
were examined for differences in data generated by the 2 

mouse inoculation methods, only results from the 7 collabo
rators who used a shaker incubator for culture preparation 
were used. The proportion of correct results was 0.93 for per 
os and 0.98 for percutaneous inoculation methods. These 
proportions do not differ significantly (a = 0.05) (6 ). There
fore, evidence to reject the 2 hypotheses previously stated is 
insufficient.

Performance of the bioassay procedure, analyzed qualita
tively and with or without the data of analyst 7, was satisfac

tory. We recommend, therefore, that the suckling mouse 
assay for E . c o l:  ST and the Y-l tissue culture assay for E . 
c o l i  LT be adopted official first action for the screening of E .  
c o l i  isolates for enterotoxigenicity. We also recommend that 
the LT and ST bioassay protocols be modified to remove all 
reference to the roller tube device in culture preparation and 
that the methods, as modified above, be adopted official first 
action for the presumptive recognition of E . c o l i  enterotoxi
genicity.
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D e v e lo p m e n t  o f  a n  O v e r n ig h t  R a p i d  B o v in e  Id e n t if ic a t io n  T e s t  ( O R B I T )  f o r  F i e ld  U s e

RICH A RD  P. M A G EA U , M A RK E. C U T R U F E L L I, BERN ARD SCHWAB, and R A LPH  W. JO H N S T O N 1 
U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e , F o o d  S a f e t y  a n d  I n s p e c t i o n  S e r v i c e ,  M i c r o b i o l o g y  D i v i s i o n ,  M e d i c a l  

M i c r o b i o l o g y  B r a n c h ,  B e l t s v i l l e ,  M D  2 0 7 0 5

An Overnight Rapid Bovine Identification Test (ORBIT) has been 
developed as a serological screen test for species verification of raw, 
whole tissue, bovine meat products. The test, an agar-gel immunodif
fusion technique, uses stabilized reagent paper discs and prepared agar 
plates that have a printed template for correct placement of test com
ponents. This test is reliable, practical, economical, and easily per
formed in the field, such as a t a  meat import inspection station. The 
only nonbovine species found to react in the test are the bovine-related 
species of American bison (buffalo) and water buffalo (from Australia); 
however, these rare-occurring species do not present a problem for the 
intended application of the test. Stability of all test components, when 
stored in a refrigerator, is excellent for at least 1 year. The nature and 
stability of the test make it suitable for commercial development into 
test kits which should be highly practical and economical for wide 
availability and application of this procedure to meat inspection pro
grams concerned with species verification.

The Food Safety and Inspection Service of the U.S. Depart
ment of Agriculture is responsible for the assurance of a safe, 
wholesome, unadulterated, and accurately labeled meat and

Received D ecem ber 27, 1983. A ccepted M arch 23, 1984.
'U .S . D epartm ent of Agriculture, Food Safety and Inspection Service, 

Microbiology Division, W ashington, DC 20250.

poultry supply to consumers. Legislative authority for this 
mandate originates from the Meat Inspection Act of 1906 and 
the Federal Poultry Products Inspection Act of 1957, with 
specific regulations for implementation cited in Title 9 of the 
C o d e  o f  F e d e r a l  R e g u l a t i o n s  (1). The agency carries out this 
mission through inspection, conducting laboratory analytical 
services, industrial monitoring programs, and compliance 
(enforcement) programs on domestic and imported meat, 
poultry, and meat and poultry food products. One important 
aspect of laboratory analysis concerns the accurate identifi
cation of the species of animal tissue used in consumable 
meat products to assure that there is no adulteration or fraud
ulent substitution.

Species identification of animal tissue can generally be 
performed by traditional immunological methods such as the 
interfacial ring precipitin test (2, 3) or agar-gel immunodif
fusion (4, 5), both of which use specific antispecies sera and 
saline extracts of tissue. Other current approaches to species 
determination of meat, as well as fish tissue, include tech
niques such as enzyme-linked immunosorbent assay (6 , 7), 
radioimmunoassay (8), polyacrylamide gel electrophoresis
(9), and thin layer isoelectric focusing in agarose (10) or
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Figure 1. ORBIT plate with printed pattern for standardized disc place
ment on agar surface. Lettered circles are 6.5 mm in diameter and 5 mm 
equidistant with respect to their adjacent inner edges. The 2 sample 

circles (S) are 13.5 mm directly opposite each other.

polyacrylamide gel (11). These procedures, although accurate 
in their ability to determine species, have disadvantages, such 
as the need for performance in a formal laboratory, use of 
expendable, labile biochemical reagents that require special 
care for maintenance, expensive equipment, and a require
ment for technical expertise on the part of the individual who 
performs the test and interprets the results. Use of such 
methods also incurs a relatively high cost factor per sample 
analyzed due to the additional expense and time delay asso
ciated with sample shipment to the laboratory and reporting 
final results. When large numbers of samples must be ana
lyzed for regulatory purposes, a high cost factor is undesir
able and becomes a limiting factor in surveying for potential 
adulteration or subs:itution problems.

Because of these problems and limitations, an accurate 
species identification system is needed, which is rapid, easy 
to perform and interpret, cost-effective per sample analysis, 
suitable for use in a field setting, such as an abattoir, meat 
establishment, or import inspection station, and which can 
be provided in a kit that contains the necessary materials as 
stabilized components. Beef is one of the leading meats con
sumed and imported throughout the world, so development 
of a reliable screen test for bovine species, which meets the 
above requirements, is highly desirable. We have studied the 
application of the agar-gel immunodiffusion technique, using 
reagent-impregnated filter paper, previously reported (12) for 
in vitro determination of bacterial-isolate toxigenicity, to the 
solution of this problem. In this paper, we report a test sys
tem, referred to as the Overnight Rapid Bovine Identification 
Test (ORBIT), which meets all of the objectives mentioned 
and which is intended for use on raw, single, whole-muscle 
tissue samples.

METHOD

A p p a r a t u s
(a) P e t r i  d i s h .—Falcon No. 1006 tight lid, 50 x 9 mm 

(Falcon, Div. of Becton, Dickinson & Co., Oxnard, CA), 
custom silk-screen printed (BMD, Inc., Savage, MD) with 4

lettered circles in pattern (Figure 1) on outside of bottom 
plate.

(b) F i l t e r in g  c l o t h .—Miracloth (Calbiochem-Behring. San 
Diego, CA).

(c) P a p e r  d i s c s . — BBL No. 31039 blank filter paper sen
sitivity test discs (Becton Dickinson and Co., Cockeysville, 
MD).

(d) L y o p h i l i z e r .— Freezemobile II lyophilizer with Model
10-MR-SA single shelf, vacuum drying chamber (Virtis, Gar
diner, NY).

(e) S t o m a c h e r .—Colworth Model 80 stomacher (Tekmar 
Co., Cincinnati, OH).

(f) B a c t e r i o l o g i c a l  f i l t e r .—Millipore Millex-GS, 0.22 p,m 
filter unit (Millipore Corp., Bedford, MA).

(g) P l a t e  r e a d e r .—Hyperion viewer with magnifier, Model 
No. 4040-100A (Hyperion, Inc., Miami, FL).(h) E x tr a c t io n  h a g .— Whirl-pak polyethylene bag, 22.8 x
11.4 cm (Nasco, Fort Atkinson, WI).
R e a g e n t s

(a) A g a r . —  Difco agar, purified, No. 0560-01 (Difco Lab
oratories, Detroit, MI).

(b) P h o s p h a t e - b u f f e r e d  s a l i n e .—0.85%NaCl solution con
taining 1.25 mL/L of stock 0.25M KHaP 0 4 solution previously 
adjusted to pH 7.2 with IN NaOH.

(c) D y e  s o l u t i o n .—Lanaperl fast pink R dye (American 
Hoechst Corp., Charlotte, NC), stock, 1% aqueous, 0.22 p,m 
Millipore filter-sterilized.

(d) M e r th io la te  s o lu t io n .—Thimerosal, NF powder (Elanco- 
Eli Lilly Co., Indianapolis, IN), stock, \ %  aqueous.

(e) A d j u v a n t .—Freund’s complete and incomplete adju
vants. Nos. 0638-60 and 0639-60 (Difco).

(f) N o r m a l  b o v in e  s e r u m .—Adult, product No. 14-400B 
(M.A. Bioproducts, Walkersville, MD).

(g) B o v i n e  s e r u m  a lb u m in  s o l u t i o n .—Bovine serum albu
min, No. A-4503 (Sigma Chemical Co., St. Louis, MO.), 5 
mg/mL phosphate-buffered saline (b), 0.22 p.m Millipore fil
ter-sterilized.
A g a r - G e l  I m m u n o d i f f u s i o n  O R B I T  P la t e  P r e p a r a t i o n

Fill petri dishes (a) with 4 mL level, bubble-free immuno
diffusion agar prepared in the following manner: Make a 1% 
concentration of purified agar (a) in pH 7.2 phosphate-buff
ered saline (b) and heat until agar is totally in solution and 
clear. Filter hot agar solution under vacuum through single 
layer of filtering cloth (b) in Buchner funnel on side-arm f.ask, 
and autoclave at standard conditions. After sterilization, 
aseptically add sufficient quantity of dye solution (c) to liquid 
agar and mix to effect final 1:60 0 0 0  concentration of dye. 
Cool agar solution to 60°C in water bath, add sufficient quan
tity of merthiolate solution (d), and mix to effect a final mer- 
thiolate concentration of 1:10 000. Dispense agar directly into 
plates or let harden in stock quantities and store at room 
temperature until remelted for future use. Keep prepared 
plates in sealed double plastic bags at 4°C until needed.
A n t i b o v i n e  S e r u m  P r e p a r a t i o n

Prepare specific antiserum against bovine species by immu
nization of New Zealand albino rabbits and sheep or goats 
with bovine immunogen preparations. Immunize rabbits by 
intramuscular primary injection of 5 mL Proom’s (13) alum- 
precipitated bovine serum immunogen into each hind leg (1 0  

mL total). Give 5 mL booster injection of same immunogen 
into one leg after 21 days, and make trial bleedings 7  days 
later. Separate sera from clotted blood, centrifuge, and freeze- 
dry onto paper discs as described for P r e p a r a t i o n  o f  S t a b i 
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l i z e d  R e a g e n t  P a p e r  D i s c s .  Make preliminary evaluation of 
sera suitability to intensity and specificity of immunoprecip- 
itin reaction against homologous and heterologous tissue fluid- 
impregnated paper discs (both dried and nondried for homol
ogous) within designed parameters of ORBIT procedure. 
Administer subsequent immunogen boosters, if necessary, in 
same manner and volume described at 3 week intervals, fol
lowed by appropriate trial bleedings and assays on sera to 
monitor suitability of antibody response.

Immunize goats or sheep by intramuscular injection into 
each of the two, rear, hind legs, biceps femoris muscles of 1 

mL of a 1:1 emulsified mixture of Freund’s complete adjuvant
(e) and either normal bovine serum (f) or 5 mg bovine serum 
albumin (g) as the primary injection (2 mL total). Give sub
sequent booster injections (usually two) at 30 day intervals 
in same manner and volume as for primary injection, except 
use Freund’s incomplete adjuvant. Make trial bleedings at 7- 
10 days after each booster, obtain sera and assay for their 
suitability to ORBIT procedure as described for rabbit anti
serum.
B o v i n e  R e f e r e n c e  E x t r a c t  P r e p a r a t i o n

Prepare bovine reference extract from fresh, authentic beef 
(serologically confirmed), lean, whole muscle tissue as fol
lows: Place 20 g sample finely diced beef tissue and 60 mL 
0.85% saline in 22.8 x 11.4 cm Whirl-pak polyethylene bag, 
and macerate 15 s in stomacher. Let bag and it contents remain 
undisturbed for 30 min at room temperature, remove fluid, 
and centrifuge 20 min at 32 000 x g  in refrigerated centrifuge. 
Decant supernatant beef extract, filter through Whatman No. 
42 paper and centrifuge again as previously described. Finally, 
filter-sterilize supernatant beef extract through 0 .2 2  |xm filter 
into sterile containers, and store at 4°C until used to charge 
paper discs.
P r e p a r a t i o n  o f  S t a b i l i z e d  R e a g e n t  P a p e r  D i s c s

Prepare stable bovine reference antigen discs and antibo- 
vine antibody discs by impregnating blank paper discs, spread 
on surface of 3.17 mm thick plexiglass sheets, with 40 |xL 
or of prepared bovine reference extract suitably reacting 
antibovine serum. Let paper discs absorb these reagents 
2 0  min at room temperature and then freeze directly by plac
ing them at -  10°C for 90 min. Freeze-dry discs overnight, 
under vacuum, on plexiglass in lyophilizer. Harvest reagent 
discs from plexiglass sheets the following morning, place in 
labeled screw-cap vials and store at 4°C until used for ORBIT.
O R B I T  P r o c e d u r e

Remove prepared agar-gel immunodiffusion ORBIT plates 
from refrigerator and let equilibrate to room temperature. 
The 4 lettered circles should be readily visible through the 
agar. Using fine-pointed forceps, carefully place flat on agar 
surface of ORBIT plate one antibovine antibody disc such 
that A-lettered circle of template is completely and evenly 
covered by disc when viewed directly from above. In an 
identical manner, place one bovine reference antigen disc 
over B-lettered circle of same plate. Use previously thawed, 
raw, whole muscle tissue test samples, and, in an area free 
of fat and connective tissue, make a vertical slice with a sharp 
knife to create a single slit ca 38 mm deep. Use forceps to 
place one blank sample paper disc halfway into depth of slit, 
flat against one side of tissue. Gently squeeze slit together so 
that both sides of sample disc are in contact with meat tissue. 
Let disc remain in this position 10 s to absorb tissue fluids. 
Remove sample disc from tissue slit and place, as previously 
described, over one of S-lettered circles of ORBIT plate

containing positioned reference antigen and antibody discs. 
Treat second test sample in identical fashion and place that 
sample disc over remaining unoccupied S-lettered circle of 
same plate. Tightly seal lids on plates and leave undisturbed 
24 h at normal room temperature to let reagents diffuse through 
agar and react. Then, examine plates in white, indirect light 
sources against flat, black background (Hyperion viewer) for 
formation of characteristic immunoprecipitin line in agar area 
among 4 positioned paper discs, and identify samples as bovine 
or nonbovine.

Results
S t a n d a r d i z a t i o n  o f  O R B I T  C o m p o n e n t s  a n d  C o n d i t i o n s

A specific immunoprecipitin line can be obtained between 
reagent paper discs prepared by lyophilization of 40 p-L bovine 
extract and antibovine serum, when they are positioned on 
the 4 mL agar plate surface. Rabbit, sheep, and goat antibo
vine sera all reacted well within the described parameters 
of this system, considering the limited antibody response 
produced by the immunization procedure used. Suitable anti
sera, which produced specific, well defined, intense immu
noprecipitin lines between antigen and antibody discs within 
this system, could usually be obtained after 1 or 2 immunogen 
booster injections into the primed animal. Bovine serum albu
min immunogen was preferable because of more consistent 
production of suitable antisera and the subsequent demon
stration that the albumin anti-albumin reaction was the major 
component responsible for species identification of tissue 
fluids. Sheep and goat antibovine sera were preferable over 
rabbit antisera because they lack cross reactivity with sheep 
antigens and a larger serum volume can be collected from an 
immune animal. Because of the known, natural serologic 
relationship of ovine and bovine species (14), rabbit anti
bovine sera can demonstrate undesirable cross reactivity with 
sheep antigens, necessitating specific absorption of these sera 
to render them suitable for diagnostic purposes.

The distance between the inner edges of the discs, when 
positioned relative to each other on the agar surface, had a 
significant influence in determining the intensity and position 
of the immunoprecipitin band between reagent paper discs. 
A distance of 5 mm between reagent discs was the most 
suitable for producing a balanced, well defined, specific 
immunoprecipitin line.

Once the proper distance for disc placement was deter
mined, a template was designed for silk-screen printing, in 
reverse, on the outside bottom of the petri dish. When viewed 
from above the agar surface, the pattern printed on an ORBIT 
plate (Figure 1) serves as a convenient, durable template for 
standardized placement of the antibovine antibody, bovine 
reference antigen, and 2 sample test discs in their proper 
relationship on the agar surface.

The temperature effect on the development of the immu
noprecipitin line between antigen and antibody discs on an 
ORBIT plate was determined by placing identical test plates 
24 h at 4, 23, and 37°C. The plates at 23 and 37°C produced 
a comparable, well developed immunoprecipitin reaction in 
the proper position; the 4°C plate produced a less intense 
reaction, less suitable for normal testing purposes. Thereaf
ter, the standard development conditions of 24 h at 23°C were 
adopted, which allowed some variations in “ normal” room 
temperatures in different environments without adversely 
affecting the desired reaction. Because a tight-fitting lid was 
used, agar dehydration during the 24 h reaction period did 
not occur at any temperature, so no humidity chambers were 
needed.
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Figure 2. Typical ORBIT reaction patterns observed from routine meat sample analysis using sheep antibovine antibody reagent discs. Plate A, both 
samples nonbovine; plate B, sample on right bovine; plates C and D, both samples bovine.

Stability o f Prepared Reagent Discs

To  estimate prepared reagent disc stability under different 
time and storage conditions, we performed a shelf stability 
experiment. We divided a sufficient number of prepared anti
bovine antibody and bovine reference antigen discs between 
2 screw-cap vials and stored them under 2 different test con
ditions. Period ically , antigen and antibody discs of the same 
age were placed on an O R B IT  plate and allowed to react with 
each other, and the quality of the resulting immunoprecipitin 
band was compared with that produced by freshly prepared 
discs. D iscs stored in the refrigerator (4°C) were considerably 
more stable than were those stored at room temperature 
(23°C); the period of maximum stability extended for at least 
1 year. The diminished immunoprecipitin reaction observed 
at and beyond the 5 month period for discs stored at room 
temperature was found to be caused by deterioriation of the 
antibody disc. Antigen discs showed no evidence of instabil
ity when stored at room temperature for 1 year. These find
ings indicate the importance of the storage condition for pre
pared antibody reagent discs.

Sample Analysis

We performed a disc immersion time study to determine 
the length of time necessary for proper saturation of blank 
sample discs with tissue fluids, when placed in cut slits of 
meat test samples. B lank sample discs remained in cut slits 
of meat samples for 5, 10, 15, 30, 60, 120, 180, and 300 s, 
were then removed, placed opposite antibody discs on O R B IT  
plates, and allowed to react. Although all disc immersion 
times produced visible reactions, those left > 1 min were 
considered too saturated because of the influence on the 
resulting immunoprecipitin line position and the presence of 
concentric rings of excessive proteinaceous material (non
specific) around the sample discs. The standardized disc

immersion time of 10 s selected for routine sample analysis 
produced highly suitable reactions with antibody discs and 
allowed proper disc saturation for the range of juiciness found 
among various meat samples. Figure 2 presents typical results 
observed on O R B IT  plates for routine sample analysis under 
standardized conditions o f the O R B IT  procedure using sheep 
antibovine antibody reagent discs. Bovine samples produced 
an immunoprecipitin line o f identity (complete fusion) with 
the bovine reference antigen line in the area among the discs; 
nonbovine related species produced no immunoprecipitin lines. 
The immunoprecipitin line of identity, resulting from the 
presence of 2 bovine test samples and the bovine reference 
antigen on an O R B IT  plate, varied slightly in shape from a 
basic 3-sided figure to a curved arch type (Figure 2, plates C 
and D ). Each  type was occasionally skewed by a line formed 
between one of the test sample discs and the antibody disc. 
These variations were due to slight differences in the con
centration of reacting antigen present in the saturated test 
sample discs and were not a problem in correctly interpreting 
the reaction and determining the nature of the test samples. 
The O R B IT  procedure was designed and standardized to 
produce typical reactions (Figure 2) without spur formation 
or partial identity patterns that might complicate reaction 
interpretation for inexperienced field personnel.

We tested several samples of meat and poultry species to 
determine specificity of the O R B IT  procedure for routine 
analyses. The related species of American bison (buffalo) and 
water buffalo (from Australia) were the only nonbovine spe
cies that gave positive bovine reactions (Table 1). Because 
these 2 species were previously shown by conventional 
immunodiffusion techniques to be very closely related to each 
other and to bovine, the demonstration of a positive bovine 
reaction for them by O R B IT  was not surprising. Th is finding 
does not preclude the suitability of O R B IT  as a basic screen 
test for imported/exported whole raw meat products in the
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Table 1. Specificity of ORBIT procedure performed on meat 

and poultry samples of various species, using sheep 
antibovine antibody reagent discs

Species ORBIT plate reaction"

Bovine +
American bison (buffalo) +
Water buffalo (from Australia) +
Deer -

Elk _

Goat _

Horse _

Pig -

Sheep -

Red kangaroo ( M .  r u f u s ) -

Turkey -

Chicken -

" +, sample produced immunoprecipitin line of identity (complete 
fusion) with bovine reference line; sample produced no reaction.

field. These buffalo species are rare, and are probably more 
expensive than beef when sold as labeled game meat. There
fore, they are unlikely to be used for adulteration or substi
tution. Isoelectric focusing could resolve any unusual case 
where an O R B IT  positive sample is suspected of being buf
falo, because this technique (11) can adequately differentiate 
these species.

O R B IT  Performance Trials

To assess the reliability and practicality o f using O R B IT  in 
a kit form in the field, 2 trials were conducted using blind 
screen (unknown) samples: one in our laboratories under 
controlled testing conditions resembling those o f a field sit
uation, and the other as an actual field tria l, at an Official 
Import Inspection Fac ility  at Philadelphia, P A , on imported 
red meat samples collected by federal meat inspectors. The 
results (Table 2) show that all 49 bovine samples, of the 70 
total samples examined, were correctly identified by positive 
O R B IT  reactions. A s expected, all other species of meat 
samples tested (except for the 2 bison samples) failed to give 
an O R B IT  positive reaction. Thus, the O R B IT  procedure 
was reliable, practical, and easy to use as a bovine screen 
test for field use. Le ss  than 4 h was required by 2 individuals 
to complete the thawing, labeling, sampling, and plate setup 
for 50 samples at the inspection facility .

Discussion
In this report, we have presented a unique application of 

the agar-gel immunodiffusion technique using stabilized reagent 
components for the successful development of a bovine spe
cies serological screen test, which is highly suitable, practi
cal, reliable, and economical for field use, such as at import 
inspection stations. The application of this test, involving 
prim arily raw bovine products, for national and international 
meat inspection programs of the United States and elsewhere 
is expected to result in substantial cost reductions per sample 
analysis. B y  congressional mandate and Food Safety and 
Inspection Service Requirements, all nations exporting meat 
to the United States were required to have equivalent meat 
and poultry inspection systems and laboratory services in 
place by January 1984, so that imported products meet the 
domestic standards, especially for species verification. We 
anticipate that O R B IT  w ill provide a major tool for these 
exporting nations to meet, in part, this equivalency require
ment in an economically feasible manner. The cost reduction 
of sample analysis is due to the relatively low cost of pro
ducing each O R B IT  unit, reduced need for sample shipment, 
fewer time delays, and elimination of disadvantages associ
ated with other laboratory testing procedures. B y  using O R B IT

Table 2. Results of laboratory and field trials of ORBIT performed on 
blind screen (unknown) meat and poultry samples, using sheep 

antibovine antibody reagent discs
Species" No. of samples ORBIT positive samples

Lab trial:
Bovine 4 4
Bison 2 2
Deer 2 0
Elk 2 0
Horse 2 0
Sheep 2 0
Pig 2 0
Red kangaroo 2 0
Chicken 1 0
Turkey 1 0

Total 20 6

Field trial:0
Bovine 45 45
Sheep 4 0
Horse 1 0

Total 50 45

"Identity of all samples was verified by Ouchterlony agar-gel, 2- 
dimensional, double-immunodiffusion technique (4) using whole 
antispecies sera and tissue extracts (except for bison and elk), and by 
using authentic reference tissue for laboratory trial samples and post 
examination of import inspection reports of the field trial samples. 

"Tests conducted at Official Import Inspection Facility, Philadelphia, PA.

as a screen test, the use of conventional serological (2-5) or 
electrophoretic (10, 11) species identification techniques w ill 
now be necessary only for those samples which give an O R B IT  
negative reaction.

A  suitably reacting antiserum was crucial to the success
ful development and application of O R B IT , as is the case in 
most serological procedures. The preparation and use of sheep 
antibovine serum to provide the best specificity and balance 
required in O R B IT  is especially important to assure no cross 
reactivity with ovine species antigens. Ovine meat is another 
major export product, so the use o f this antiserum in O R B IT  
is important to prevent the possibility o f obtaining false pos
itive reactions and, therefore, improper species verification 
between bovine and ovine meat products. Although we chose 
to prepare our own antisera for the development of O R B IT , 
others who w ish to establish this test system are not neces
sarily required tc do so. During this investigation, we exam
ined several commercially available preparations o f rabbit, 
goat, and sheep antibovine sera, and many were found to be 
satisfactory for use in the O R B IT  procedure. Some commer
cial antisera cross reacted with certain heterologous species. 
Th is  is most like ly a result o f the tendency of manufacturers 
to make their antisera as strong as possible by hyperimmu- 
nizing primed animals, thereby reducing specificity to increase 
sensitivity , as previously reported by Tizard et al. (14). It is 
still possible, however, to render these antisera usable in the 
O R B IT  procedure by making appropriate dilutions or absorb
ing them with the heterologous, cross-reacting antigens. The 
use o f commercial antisera for implementing O R B IT  where 
large scale testing programs are involved, would probably 
cost slightly more. A ny antisera chosen would obviously need 
to be carefully examined and standardized within the param
eters described in this report.

The finding that the close relationship of bison and water 
buffalo species to bovine produces a positive O R B IT  reac
tion, although undesirable, is not considered a major problem 
in using this test, considering its intended application and the 
rare occurrences of these species.

Attempts to improve on this characteristic would like ly 
involve the production of more specific antibovine serum, 
perhaps by absorption of existing antisera with bison and/or
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water buffalo serum antigens. Th is does not appear to be 
promising, because of the intense cross reactions observed. 
Serum absorptions might produce a serum with a homologous 
bovine reaction that is too weak for use. An alternative 
approach to more specific antiserum production might be the 
development of monoclonal antibodies. The need or intended 
application of the test does not justify  the effort and increased 
cost of the 2 approaches.

Although our basic system is based on the well known 
principle of immunodiffusion and the use of filter paper to 
convey immunological reagents, pioneered by E lek  (12), there 
do not appear to be any reports of a sim ilar application of 
this technique for the verification of meat species in large 
scale testing programs. The system we have presented is 
considered to have significant potential for further develop
ment, refinement, c r  application. It would appear probable 
that other O R B IT - like  systems could be developed in a simi
lar fashion for verification of other animal species if  the need 
for large scale testing of such species should become neces
sary. With the use of a larger plate or container, it would also 
seem possible to produce a system whereby more than one 
species could be verified for one or several meat samples at 
the same time by using appropriate antispecies sera reagent 
discs. The basic O R B IT  system also appears to be suitable 
for commercialization into stable test kits that contain all the 
necessary components and supplies so that they are readily 
available for species verification in large or small scale meat 
inspection programs.
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DRUG RESIDUES IN ANIMAL TISSUES_________________
G a s  C h r o m a t o g r a p h ic  D e t e r m in a t io n  o f  C lo p id o l  in  C h ic k e n  T is s u e s

L A R S - G O S T A  E K S T R O M  and J O R M A  K U I V I N E N
N a t i o n a l  F o o d  A d m i n i s t r a t i o n , N u t r i t i o n  L a b o r a t o r y ,  B o x  6 2 2 ,  S - 7 5 1  2 6  U p p s a l a ,  S w e d e n

A method has been developed for the determination of clopidol residues 
in chicken tissues. After extraction and cleanup, clopidol is esterihed 
in a 2-phase system to clopidol propionate, which is determined by gas 
chromatography. The 2-phase system includes, in addition to the clo
pidol dissolved in methanol, aqueous borax solution, hexane, propionic 
anhydride, and pyridine. Use of these reagents precludes the use of 
explosive or carcinogenic chemicals in the derivatization step, and the 
method is therefore suitable for routine laboratory analysis. Levels of 
0.5 ppb clopidol in tissue can be determined.

The coccidiostat clopidol (3,5-dichloro-2,6-dimethyl-4-pyri- 
dinol) is a widely used additive in poultry feed at levels of 
100-200 mg/kg (1). Several previously described assays of 
clopidol in feed have a sensitivity range of 10-300 ppm (2, 3). 
Analysis of clopidol for the control o f drug residues in poultry 
tissue requires a method with a substantially lower detection 
limit. Bjerke and Herman (4) and Suzuki et al. (5) have described 
a gas chromatographic (G C ) method for the determination of 
traces of clopidol in biological tissues, and the latter authors 
presented an improved cleanup procedure. The final deter
mination in these procedures is based on methylation of clo
pidol with diazomethane before G C  analysis. However, dia
zomethane is a powerful carcinogen (6) and is also potentially 
explosive, which makes the method unsuitable for routine 
laboratory analysis. Fo r this reason, a new G C  method was 
developed which uses no hazardous reagents. In  this method, 
the clopidol is esterified by reaction with propionic anhydride 
in alkaline solution (7, 8). The method includes a faster deriv
atization step compared with the former analytical proce
dures, and the determination limit is 0.5 ppb in the tissue 
samples.

METHOD
A p p a r a tu s

(a) C u t t e r .—Moulinette (M oulinex, France).
(b) H o m o g e n i z e r . —  M S E  equipped with a 100 m L glass 

blender ja r  (Measuring & Scientific Equipment L td , U K ) .
(c) G a s  c h r o m a t o g r a p h —  Varian Model 3700 equipped with 

63N i electron capture detector (Varian) and glass chromato
graphic column (290 cm x  0.18 cm id) packed with 3% OV- 
17 on 80-100 mesh Chromosorb W A/W D M CS.(d) G C  o p e r a t i n g  c o n d i t i o n s .—Injection port temperature 
220°C; detector temperature 280°C. Column temperature pro
gramming: 130°C for 15 min, maximum temperature increase 
to 200CC for 4 min, to remove impurity peaks. Nitrogen carrier 
gas flow 35 mL/min.

(e) L i q u i d  c h r o m a t o g r a p h i c  c o l u m n s .—2 cm (id) x  10 cm 
glass columns plugged with fritted disk of porosity grade 2, 
with Teflon stop cock, and equipped with 100 m L funnel top 
(W erner-Glas, Stockholm , Sweden). (1 )  A l u m i n u m  o x id e  c o l 
u m n .— Pour 15 g aluminum oxide into column containing 
methanol and drain solvent to top of column. (2 ) A n io n -  
e x c h a n g e  c o l u m n .— Pour methanol slurry of Q A E  exchange 
resin in acetate form into column to bed height of 3 cm after 
settling, and drain solvent to top of column.

Received September 7, 1983. Accepted March 7, 1984.

(f) C e n t r i f u g e  —Labofuge 1 (Heraeus, West Germany).
(g) B u c h n e r  f i l t e r s . — (1 ) Porosity grade 2, disk diameter

6.5 cm (Pyrex , France). (2 )  Porosity grade 2, disk diameter 
13 cm (Jenaer G laswerk Scott & G en ., M ainz, West Ger
many).(h) S c r e w - c a p  t u b e s .— 10 and 30 m L with Teflon-lined plastic 
screw caps (Sovire l, France).

Reagents

(a) E x t r a c t i o n  s o l v e n t s .—Methanol G R  (Riedel-De Haen, 
West Germ any). Acetic acid, glacial, analytical reagent (B D H  
Chemicals L td , U K ) .(b) D e r i v a t i z a t i o n  r e a g e n t s  a n d  s o l v e n t s . — Disodium  
tetraborate anhydrous G R  (M erck, West Germ any). Recrys
tallize the salt from hot solution before preparing 0 .1M aqueous 
solution. n-Hexane for spectroscopy (M erck). Propionic 
anhydride Puriss (highest purity) (F luka  A G , West Germany). 
D istill the anhycride before use. Pyridine for spectroscopy 
(M erck).

(c) A l u m i n u m  o x id e .—90 active basic, 70-230 mesh (Merck). 
Wash aluminum oxide several times with methanol and store 
in same solvent.

(d) A n i o n - e x c h a n g e  r e s i n .— (1 )  Q AE-Sephadex A-25 chlo
ride form (Pharmacia Fine Chemicals, Sweden). Convert anion 
exchanger to acetate form in following manner: Le t 100 g 
Q A E  swell in 10% aqueous sodium acetate solution for 2 h 
with occasional stirring. Pour slurry into Buchner filter (id 13 
cm) and wash with 500 m L portions o f 10% sodium acetate. 
Check for traces of chloride ions in the washing solution by 
adding a few drops of silver nitrate solution (acetone satu
rated with silver nitrate). I f  AgC l precipitate appears, rinse 
further with sodium acetate solution, but if  solution becomes 
slightly cloudy, rinse with water until gel is chloride-free. 
Wash resin with 2 bed volumes of each of following solvents: 
methanol, 0.25% acetic acid in methanol and, finally, meth
anol. Store anion exchanger in methanol. (2 ) Anion exchange 
resin A G  1-X8, 100-200 mesh, acetate form, analytical grade 
(Bio-Rad Laboratories, Richmond, C A ).

(e) C l o p id o l  s t a n d a r d  s o l u t i o n s .—Prepare stock solution 
by dissolving 10.0 mg clopidol analytical standard (Dow 
Chemical C o ., M idland, M I) in 100 m L methanol (100 |xg/ 
m L). Dilute an aliquot o f stock solution 1:100 with methanol 
to give an intermediate solution. Prepare working solutions 
ranging from 0.0025 to 0.10 |xg/mL from this intermediate 
solution.

(f) F i l t e r  a i d .—Hyflo  Super Cel (Johns-Manville Products 
Co rp ., Denver, CO ).

Extraction and Cleanup

The extraction and cleanup procedure is a slight modifi
cation of that described by Suzuki et al. (5).

M ince tissue sample with Moulinette cutter and transfer 20 
g sample to an M S E  homogenizer equipped with a 100 m L 
blender ja r . Add 50 m L methanol and 3 g filter aid for muscle 
samples or 12 g for live r samples. Homogenize 3 min. F ilte r 
homogenate with suction through Buchner filter (internal 
diameter 6.5 cm) containing bed of 2 g filter aid, and collect
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Table 1. Recovery of clopidol as function of acetic acid concentration 
in acetic acid methanol eluant, using 2 acetate form ion exchangers8

Concn, %, 
acetic acid in 
methanol (v/v) Rec., %

AG 1-X8

0.10 30
0.20 50
0.60 84
1.00 73

QAE-Sephadex

0.10 78
0.15 89
0.20 95
0.30 81

8Conditions as describee in text. Anion exchange columns were of equal 
capacity. Clopidol concentration corresponded to tissue concentration 
of 20 ppb.

filtrate in a 100 m L  volumetric flask. Wash ja r  and filter cake 
with four 15 m L  portions of methanol; adjust volume to 100 
m L . Pipet a 50.0 m L  aliquot onto alumina column, which is 
placed just above anion exchange column, and wash with 20 
m L methanol. D iscard eluate. Remove alumina column and 
wash anion exchanger with 20 m L 0.005% acetic acid-meth
anol. E lute  clopidol with 20 m L 0.2%  acetic acid-methanol 
from Q A E  anion exchanger into a 30 m L test tube with Teflon- 
lined screw cap. I f  A G  1-X8 anion exchanger is used, elute 
clopidol with 20 m L 0.6%  acetic acid-methanol. Evaporate 
eluate to dryness on a water bath at 60°C under stream of 
nitrogen. D issolve residue in 2.0 m L methanol.

Esterification and Determination

Transfer 1.0 m L  aliquot to 10 m L test tube with Teflon- 
lined screw cap, containing 4.0 m L 0.1M aqueous borax 
solution. Add 1.0 m L hexane, 25 |xL  pyridine, and, finally, 
50 (xL propionic annydride. Shake the 2-phase system and 
centrifuge at 2000 x  g for 1 min. Transfer hexane layer to 
another test tube. Inject 6 p.L hexane phase into chromato
graph. Measure peak height and calculate concentration of 
clopidol by comparison with standard curve. Figure 1 shows 
a chromatogram of clopidol-fortified muscle tissue.

I f  many samples are to be analyzed, prepare a reagent 
mixture of hexane, pyridine, and propionic anhydride in 
advance.

Results and Discussion
In the cleanup procedure, we found that use of Q AE- 

Sephadex anion exchanger, which is comparable to A G  1- 
X 8 , gave a somewhat less contaminated solution. The loss of 
clopidol when the A G  1-X8 resin was used was about 10% 
higher than that with the Q A E  exchanger for pure standard 
solutions (Table 1). The same phenomenon was observed 
when fortified muscle tissue samples were analyzed. Clopidol 
recovery from fortified liver samples was twice as high with 
the Q A E  exchanger » Table 2). Samples were spiked by adding 
clopidol standard solution to 20.0 g minced clopidol-free tis
sue. The total volume of methanol added was adjusted to 50 
m L . The analysis was then carried out as described. The 
recovery would increase with a larger volume of eluant. How
ever, a contaminated eluant could also increase the risk of 
interference in the final step of the determination, because 
the cleanup procedure includes an evaporation step.

Both acetic and propionic anhydrides were tested as deri- 
vatization reagents. Unfortunately, some impurities in the 
solvents gave a small peak in the chromatogram when acetic

Table 2. Recovery of clopidol from spiked tissue samples, using 2 acetate form ion exchangers8

Tissue

Clopidol
added,

ppb

Rec., %

Mean8 Std dev.

QAE-Sephadex

Muscle 0.5 65 13.4
2 79 3.1

10 78 5.0
20 76 6.3

200 76
500 80

1000 86
Liver 2 86

10 92
20 102

200 93
500 95

1000 93

AG 1-X8

Muscle 2 78
10 68
20 70

Liver 2 40
10 56
20 50

aClopidol was eluted from QAE-Sephadex anion exchanger with 20 mL 
0.2% acetic acid in methanol, and from AG 1-X8 with 20 mL 0.6% acetic 
acid in methanol.

"Each value is the average of 2 samples, except first 4 values in table are 
the average of 5 samples each.

anhydride was used. Th is peak overlapped the clopidol ace
tate peak. The response of the electron capture detector was 
twice as high for clopidol propionate. Fo r these reasons, we 
chose propionic anhydride as the derivatization reagent, 
although the subsequent chromatography required more time. 
Attempts to use halogenated reagents, such as monochlo- 
roacetic anhydride and trifluoroacetic anhydride, were 
unsuccessful. In the final step of the cleanup procedure, the 
sample is evaporated to dryness and then dissolved in a small 
volume of methanol. An aliquot o f this methanol solution is 
taken for derivatization. It is advantageous if  this methanol 
volume is small compared with the volume of 0.1M borax, 
because the yield o f this step decreases with an increasing 
amount of methanol. H owever, it may be difficult to quanti
tatively dissolve the sample which is distributed over a large 
area in a 30 m L tube in a very small volume. The alternative 
that we chose was to dissolve the sample in 2 m L  methanol 
and then take a 1 m L  aliquot for further analysis.

A  high concentration of propionic anhydride in the deri
vatization mixture resulted in an increased detector response 
and a high background level in the chromatogram. The same 
result was obtained if  the ratio of pyridine to propionic anhy
dride was kept constant during the procedure. An increased 
concentration of pyridine produced no change in the peak 
height, only increased tailing.

GC-M S ( L K B  2091 gas chromatograph-mass spectrome
ter) was used to confirm the clopidol propionate peak. Two 
clopidol standard solutions containing 1 and 20 p,g clopidol/ 
m L  were derivatized before GC-M S analysis. Figure 2 shows 
the mass spectrum for the solution with the higher concen
tration. The main peak in the spectrum at m/'z 191 corresponds 
to a loss of 56 mass units from the clopidol proprionate mol
ecule, which is typical for propionates. The molecular ion at 
m/z 247 shows an isotopic cluster characteristic o f a molecule 
containing 2 chlorine atoms.

Lindane (y-hexachlorocyclohexane) was tested as an inter
nal standard, but was rejected because its retention time was
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Figure 1. GC chromatogram of (a) muscle tissue and (b) muscle tissue 
fortified with 2 ppb clopidol.

long compared with that for clopidol propionate, and the 
coefficient o f variation was not better for the peak ratios 
compared with the peak height for clopidol propionate. The 
repeatability of the injected sample volume was < \ % .

A linear relationship between peak height and concentra
tion was found in the tested range, 0.0025-0.10 p.g/mL, which 
corresponds to a tissue concentration of 0.5-20 ppb.

The lim it o f detection, cL , was calculated in accordance 
with the recommendations of the International Union of Pure 
and Applied Chemistry (IU P A C ) (9, 10). In defining cL, IU P A C  
states that x L =  x B +  k x  s B, where x L is the smallest 
detectable signal, x B is the mean value o f the blank response 
with its standard deviation sB, and k is the numerical factor 
chosen in accordance with the desired confidence level. The 
relation between cL and x L is given by the expression cL = 
( x L -  x B) / m ,  where m  is the analytical sensitivity. The use of 
k = 3 allows a confidence level of 99.9%. Determination of 
11 different blank samples resulted in jcb = 3.0 with i B = 3.8. 
Th is gives a limit o f detection, cuk = 3), of 0.1 ppb. Variation 
of m ,  which was found to be 4% , has not been taken into 
consideration. The A C S  Subcommittee on Environmental 
Analytical Chem istry has proposed a stricter statistical cri
terion for separating the blank signal from the true signal (10,
11). The criterion is called the limit of quantification (L C ’Q ), 
which is defined as 10 5B away from x B. W ith the above values 
of x B and s B and considering that the recovery is only 65% in 
this concentration range, the calculated limit of quantitation, 
cLoq, is 0.5 ppb.

From  the data in Table 2 it can be calculated that the 
relative standard deviation is 21 %  for a muscle sample spixed 
with 0.5 ppb clopidol, which is more than twice as high as 
that for other tissue samples spiked with higher concentra
tions of clopidol. How ever, both the cLoq value and the dras
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Figure 2. Mass spectrum of clopidol propionate peak.

tic increase o f the standard deviation for samples spiked with 
0.5 ppb clopidoi indicate that 0.5 ppb is the limit of determi
nation.

Thus, high sensitivity and rapidity, as well as good repro
ducibility without the use of potentially hazardous chemicals, 
render the method suitable for routine analysis of clopidol 
residues in chicken tissue.
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Liquid Chromatographic Determination of Carbadox, Desoxycarbadox, and Nitrofurazones 
in Pork Tissues
A G N E S  I .  M A C IN T O S H  and G E O R G E  A . N E V I L L E
H e a l t h  a n d  W e l f a r e  C a n a d a ,  H e a l t h  P r o t e c t i o n  B r a n c h ,  B u r e a u  o f  D r u g  R e s e a r c h ,  T u n n e y ' s  P a s t u r e ,  O t t a w a ,  
O n t a r i o ,  C a n a d a  K I A  0 L 2

A liquid chromatographic (LC) method has been developed for the 
determination of carbadox, desoxycarbadox, and nitrofurazones in the 
10-40 ppb range in pork muscle, liver, and kidney tissues. Tissues 
were homogenized in absolute ethanol, and the homogenates were 
treated with metaphosphoric acid and reduced in volume by rotova- 
porization. Hexane was added to the concentrates, which were then 
centrifuged to remove fat. After addition of KH2P04 to the aqueous 
phase and extraction with ethyl acetate, the extracts were passed through 
alumina columns before analysis by reverse phase LC. Overall average 
recoveries (10-40 ppb range) for carbadox and desoxycarbadox from 
spiked tissues were 53% ± 13.6 and 61% ± 7.2, respectively; overall 
average recoveries for nitrofurazone and furazolidone were 43% ±
7.3 and 77% ± 10.9, respectively. Before these optimum determina
tions, degradation by even minimal incandescent light was found to 
reduce recovery especially of desoxycarbadox. The results of this pho
tochemical degradation are reported and briefly discussed.

Since Kornegay's discovery in 1968 of the value of carbadox 
for the prevention and treatment of swine dysentery (1), this 
drug has been used in a number of countries under the brand 
names Mecadox® and Fortigo® (Pfizer) to control certain 
swine enteric diseases and to promote swine growth (2). A 
withdrawal period of 10 weeks is required by the U .S . Food 
and Drug Administration (F D A ) before slaughtering pigs (up 
to 75 lb) fed carbadox-treated feeds. A  35-day withdrawal 
period with the same 75 lb weight limit is allowed by Canada 
Agriculture. These regulations exist because of the carcino
genic properties of carbadox and especially o f its metabolite, 
desoxycarbadox (3). Although carbadox has also been shown 
to be a strong mutagen in both mice and K l e b s i e l l a  p n e u 
m o n i a e  (4), it appeals to have a high safety factor (9000) in 
“ relay to x ic ity "  tria s conducted on dogs fed pork from ani
mals that were raised on carbadox-treated feed (5). A t pres
ent, the U . S .  C o d e  o f  F e d e r a l  R e g u l a t i o n s  (6) specifies a zero 
tolerance for residues of this drug in the uncooked, edible 
tissues of swine.

Although the F e d e r a l  R e g i s t e r  (7) describes a general gas 
chromatographic (G C ) method for determining carbadox and 
its metabolites as quinoxaline-2-carboxylic acid, no meth
odology has been developed for the specific identification and 
quantitation of carbadox and desoxycarbadox in animal tissues1 
consumed for food; however, liquid chromatographic (L C ) 
methods have been reported for carbadox in animal feeds (8,
9). The specificity o f the L C  methodology was developed as 
an advance over the older colorimetric assay for carbadox in 
swine feeds (10), which had evolved to a high level of 
improvement and collaborative study (11, 12). In the present 
F e d e r a l  R e g i s t e r  method (7) for enforcing the zero tolerance 
level for residues of carbadox in uncooked, edible tissues of 
swine, the specific chemical identity of carbadox and any of 
its metabolites is necessarily destroyed because all entities

'Since release of this manuscript by the Bureau of Drug Research for pub
lication, a GC-MS method for confirmatory identification of carbadox-related residues in swine liver was published by Lynch and Bartolucci. J . A ss o c . O ff. 
A n a l. C h e m . 65, 66-70 (1982). However, their method is based on detection of the end degradation product, quinoxaline-2-carboxylic acid, as its methyl 
ester derivative, and therefore, it does not identify and distinguish specific carbadox residues.

Received December 13. 1983. Accepted April 2. 1984.

are hydrolyzed to the common entity, quinoxaline-2-carbox- 
ylic acid, which is monitored by G C  after derivatization to 
its propyl ester. The present L C  method was developed to 
permit the specific identification and assay of carbadox and 
its degradation products in swine tissues. The method may 
also be used to screen samples for nitrofurazone and fura
zolidone.

Experimental
Clean all glassware with Decon 75 (B D H  Chem icals). Use 

only glass-distilled (or equivalent) solvents and reagant grade 
chemicals. Acetonitrile was L C  grade with 190 nm U V  cut
off. Note particularly that samples and standards must be 
protected from both U V  light and moderate incandescent 
lighting. Caution: Desoxycarbadox is labeled as a carcino
genic compound.

R e a g e n ts
(a) S t a n d a r d s .—Carbadox and desoxycarbadox: Pfizer 

Canada In c ., K irk land , Quebec, Canada. Nitrofurazone and 
furazolidone: Norwich-Eaton Pharmaceuticals, Norwich, N Y  
13815.

(b) S t a n d a r d  s o l u t i o n s .— Store in a cool, dark place when 
not in use. ( I )  S t o c k  s o l u t i o n s .— 1 mg/mL. D issolve 10 mg of 
each standard in dimethylformamide (D M F) in separate 10 
m L volumetric flasks, and dilute each to volume with D M F .
(2 ) W o r k i n g  s o l u t i o n  1 .— 10 pg/mL of each standard. Com
bine 1.0 m L  each stock solution and dilute to volume with 
mobile phase (acetonitrile-0.01M ammonium acetate-ethanol 
(25 + 70 + 5)). (3 ) W o r k i n g  s o l u t i o n  2 .— 1 pg/mL. Dilute 1.0 
m L  working solution 1 to 10 m L with mobile phase. Prepare 
working solution 2 fresh each day. Protect all solutions from 
sunlight and U V  light.

(c) A l u m i n u m  o x i d e .— Baker Analyzed Reagent (80-200 
mesh) suitable for chromatographic use. pH of 10% slurry at 
25°C is 6.3.

A p p a r a tu s
(a) L i q u i d  c h r o m a t o g r a p h .—Waters Associates Model A L C / 

GPC-204, equipped with U 6 K  injector and M6000A solvent 
delivery system.

(b) D e t e c t o r .—Perkin E lm er LC-75 variable wavelength 
set at 350 nm coupled to Hewlett-Packard recorder (Model 
3385A ) for recording retention times and responses measured 
as peak height.

(c) C o l u m n .— Brownlee RP-10A, reverse phase, C-8 (RP-
8), 10 pm , 4.6 mm id x  25 cm with Brownlee RP-G U  M P LC  
guard column with C-8 (RP-8) 10 pm packing. Operating 
conditions: mobile phase, acetonitrile-0.01M  ammonium 
acetate-ethanol (25 + 70 + 5); flow rate, 1 mL/min; injection 
volume, 100 p L .(d) B l e n d e r . — Waring, with stainless steel chamber and 
blades.

(e) C h r o m a t o g r a p h i c  c o l u m n s . — Kontes, No. K-410100 
Chrom aflex,6 x  200 mm with 50 m L reservoir volume (Kontes 
G lass C o ., Vineland. N J 08360).

(0  C e n t r i f u g e .— Refrigerated Sorval RC2-B with SS-34 
head.
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Figure 1. LC separation (20 pL injection) of mixed reference compounds 
(10 ng each); quinoxaline-2-carboxylic acid (A), carbadox (B), nitrofura- zone (C), furazolidone (D), and desoxycarbadox (E) under optimized con
ditions and UV detection at 350 nm. Extra early eluting peak is a persistent 

background peak.

S ta n d a r d  C u r v e  f o r  S p ik e d  T is s u e
Add 20, 100, 200, 300, and 400 ng of w o r k i n g  s o l u t i o n  2  to 

10 g tissue (2, 10, 20, 30, and 40 ppb). Determine recovery 
for each concentration by comparing peak heights with those 
for direct L C  injections of 4, 20, 40, 60, and 80 p L  w o r k in g  
s o l u t i o n  2  (2, 10, 20, 30, and 40 ng), respectively.

P r e p a r a tio n  o f  S a m p le s
Remove fat before cutting fresh tissues into small pieces 

(<1 cu. cm) with kitchen scissors. Pool and m ix all material 
by stirring with spatula to make uniform sample. Weigh 10 g 
aliquots, wrap in Saran, and store composite specimens in a 
freezer.

When tissue specimens are needed for analysis, thaw the 
frozen specimens (10 s/10 g) in microwave oven. Store thawed 
tissue in refrigerator until processed.

E x tr a c t io n  a n d  C le a n u p
To prepare standard curves, use Hamilton syringes to add 

appropriate volumes of standard solutions of carbadox and 
desoxycarbadox (for 2, 10, 20, 30, or 40 ppb each drug) to 10 
g tissue in blender. Homogenize specimens (spiked, blank, 
or assay tissue) 5 min in 100 m L absolute ethanol in the 
blender. Le t the homogenate stand 5 min before filtering it 
through a layer of Celite 545 (10 g) applied to sintered glass 
(medium porosity, 350 m L) filter. R inse blender with 100 m L 
absolute ethanol, and pass rinsings through filter into first 
filtrate.

Transfer combined filtrate to 1 L  round-bottom flask, and 
add 25 m L  3.6%  aqueous metaphosphoric acid to aid precip
itation of foreign material. Reduce volume of mixture to ca 
25 m L by rotary evaporation at 45°C. Do not let sample 
evaporate to dryness, or some residue w ill be lost. Transfer
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concentrate to 50 m L  centrifuge tube. Rinse flask by swirling 
with 5 m L  hexane, and then with ca 3 m L  water, and add 
rinsings to centrifuge tube. Centrifuge 30 min at 1500 rpm (for 
SS-34 head = 27 000 x  g ) and 0°C. Remove and discard 
upper hexane layer. R inse surface carefully with additional 5 
m L hexane, and discard rinsings.

Transfer lower, aqueous layer to 250 m L separatory funnel 
without disturbing precipitate. R inse centrifuge tube and any 
adhering material gently with two ca 3 m L  portions of water, 
and add rinsings to separatory funnel. Add 10 m L  1 M K H 2P 0 4 
solution to funnel to create salting-out effect, and add water 
to total volume of ca 100 m L . Extract mixture with three 50 
m L portions of ethyl acetate (5-min extractions), and dry 
combined extract over 15 g granular, anhydrous Na2S 0 4.

F ilte r dried ethyl acetate extract through plug of glass wool 
into 500 m L  round-bottom flask, and reduce extract to dry
ness by rotary evaporation at 45°C. Prolonged drying results 
in loss o f (residue) sample. A t this stage, residue may be 
stored overnight in same flask in a refrigerator if  there is not 
enough time to complete analysis. Fo r final sample cleanup, 
dissolve residue in 3 m L  ethyl acetate, and transfer solution 
to small alumina column (previously prepared by slurrying 1 
g Baker aluminum oxide with ca 20 m L ethyl acetate into 6 
x  200 mm chromatographic column). Rinse flask with 2 m L 
ethyl acetate, and add rinsings to column. Some carbadox is 
eluted with ethyl acetate, so all ethyl acetate should be col
lected. E lute carbadox and desoxycarbadox residues into 
retained ethyl acetate with 20 m L of mixed ethanol-metha- 
nol-ethyl acetate (10 + 10 + 80); then reduce total volume 
(25 m L) to dryness in 100 m L  pear-shape flask by rotary 
evaporation at 45°C.

F in a lly , reconstitute residue in 500 p L  mobile phase (ace- 
tonitrile-buffer-ethanol (25 + 70 + 5, pH 6.8), and inject 
100 p L  aliquots onto L C  column (Brownlee RP-8, 10 pm 
packing, 4.6 mm id x  25 cm). Maintain constant 1.0 mL/min 
flow of mobile phase through column, and monitor effluent 
at 350 nm by using flow-through cell.

Discussion

O p tim iz a tio n  o f  L C  a n d  U V  D e te c t io n
The selection of a reverse phase L C  column for the deter

mination of carbadox, desoxycarbadox, and quinoxaline-2- 
carboxylic acid was based on previous experience with L C  
analysis of nitrofuran drugs (13, 14). O f the various columns 
tried, a Brownlee RP-8 column was best not only for carbadox 
and its metabolites but also for nitrofurazone and furazoli
done, thereby permitting simultaneous analysis for these drugs 
as a screening method in tissue. With this column, overall 
elution time was 2-10 min, with good resolution for the 5 
compounds at a 1 mL/min flow rate. Separation (Figure 1) 
was optimum with the acetonitrile-buffer-ethanol (25 + 70 
+ 5) mobile phase adjusted to pH 6.8 with 0.1N ammonium 
hydroxide.

Carbadox anc desoxycarbadox each presented a problem 
for dissolution in common solvents because they are virtually 
insoluble in water, methanol, ethanol, ethyl acetate, aceto
nitrile, hexane, and even corn oil. Th is problem was circum
vented by preparing stock solutions of each drug (1 mg/mL) 
in dimethylformamide, which were then diluted with mobile 
phase. Other workers have used dimethyl sulfoxide (4, 9) to 
prepare carbadox stock solutions; one worker used ultrasonic 
dissolution in C H C l3-methanol (3 + 1) (10).

Drugs were detected by a variable wavelength U V  detector 
placed immediately downstream from the L C  column. We 
had to accommodate a number of factors to obtain optimum
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Figure 2. UV absorption of carbadox, desoxycarbadox, quinoxaline-2-carboxylic acid, nitrofurazone, and furazolidone under LC operating conditions. 
Compiled from 30 ng injections of each reference substance in acetonitrile-water-ethanol (25 + 70 + 5) mobile phase at 1.0 mL/mln flow rate and

attenuation setting x 6.

i--- a
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Figure 3. Example of high background interference from a pork muscle blank (100 (j.L injection equivalent to 2 g tissue) monitored at 290 nm after the described extraction and cleanup.

detection. From  the U V  absorption profiles that were man
ually determined for the 5 compounds (Figure 2), it was 
apparent that 350 n n  would provide optimal sensitivity for 
simultaneous monitoring of all five. Unfortunately, the

absorption of quinoxaline-2-carboxylic acid at 350 nm is not 
as great as that of the other drugs; however, its absorption at 
350 nm is not much less than at 280 nm, a wavelength that 
offers roughly comparable absorption strength for carbadox 
and desoxycarbadox, but less response for the nitrofuran 
drugs. While the greatest detection sensitivity for carbadox 
would be obtained near 300 nm with adequate response for 
desoxycarbadox and relatively greater response for quinox- 
aline-2-carboxylic acid, absorption by the nitrofuran drugs is 
minimal. Maximum absorption for quinoxaline-2-carboxylic 
acid would be obtained near 320 nm, complemented with high 
absorption for carbadox, adequate absorption for desoxycar
badox, and reduced absorption for the nitrofuran drugs. The 
350 nm wavelength was selected because there was very high 
background interference below 340 nm from tissue U V- 
absorbing components that were carried through the extrac
tion and cleanup procedures (Figure 3).

E x tr a c t io n  a n d  C le a n u p  o f  T is s u e s
The effect of different solvent combinations for extraction 

during homogenization was investigated to optimize disso
lution and to minimize subsequent cleanup of the extracts. 
Tissue samples were homogenized with methanol-water (1 
+ 1), ethanol-water (1 + 1), 70% ethanol, 100% ethanol, and 
isopropyl alcohol. O f these, 100% ethanol gave the best 
recovery and cleanest separation. To reduce the fatty content 
o f tissue at an earlier stage in the workup, homogenization 
was tried with ethyl acetate and with hexane followed by 
ethyl acetate extraction. There was no significant benefit from 
either of these procedures.

After tissue homogenization with 100% ethanol, it was 
beneficial to remove tissue solids by passing the homogenate 
through a Celite filter pad. We observed that precipitation 
with aqueous metaphosphoric acid reduced the number of 
ethanol-soluble UV-absorbing components in the homoge
nate. In these trials, we found that addition of neither 0.1M 
ammonium acetate nor solid K F F P 0 4 to the ethanolic homog
enate was effective in promoting sample cleanup.

A fter concentrating the treated ethanolic homogenate by 
rotary evaporation, the concentrate and added hexane were 
centrifuged to precipitate solid matter and to partition fat into
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Table 1. Data on calibration curves for reference compounds

Carbadox Desoxyca'badox Nitrofurazone Furazolidone

Peak Std Peak Std Peak Std Peak Std
ng hta dev. CV ht dev. CV ht dev. CV ht dev. CV

2 18.6 0.9 4.9 10.8 0.3 7.9 20.7 0.8 4.0 17.8 0.9 4.9
10 84.4 2.1 2.5 49.7 4.3 9.6 95.0 4.7 5.0 80.7 4.9 6.1
20 159 1.5 1.0 97.8 5.3 5.1 182 3.3 1.8 156 4.1 2.6
30 225 1.7 0.8 142 6.7 4.7 259 4.4 1.7 225 5.4 2.4
40 296 1.6 0.5 194 3.1 1.6 340 1.9 0.5 298 1.8 0.6

y = 7.23X + 9.12 y = 4.77X + 1. oo y = 8.35X + 8.92 y = 7.32X + 5.92
r  = 0.999 r  = 0.999 r = 0.999 r  = 0.999

aAII peak heights normalized for attenuation setting 4, average of 18 injections using 2 dilutions of 3 solutions.

$'-Q

Figure 4. Typical LC chromatogram obtained from a pork kidney blank. 
100 p.L injection (equivalent to 2 g tissue) and UV detection at 350 nm.

»
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Figure 5. Typical LC chromatogram from pork kidney spiked with car
badox (A), nitrofurazone (B), furazolidone (C), and desoxycarbadox (D) 
(each 10 ng). 100 pL injection (equivalent to 2 g tissue) and UV detection at 350 nm.

the upper hexane layer. Fa tty material was then carefully 
removed with the hexane from the centrifuge tube, and a 
second hexane wash was applied to the surface to remove 
any remaining fatty material.

Extraction of the concentrate was enhanced by the salting- 
out effect produced by the addition of 10 m L  1M K H 2P 0 4 
during transfer of the concentrate and water washings to a 
separatory funnel. The water-soluble components were left 
behind after ethyl acetate extraction. Whereas sodium chlo
ride or hydrochloric acid has been used effectively at :h is 
stage for other drugs (13, 14), it is noteworthy that use of

either o f these reagents in this work resulted in reduced 
recovery of carbadox and desoxycarbadox.

Fo r final cleanup of the tissue extract, we tried several 
column materials (s ilica , alumina, alumina plus carbon, Flor- 
is il, and combinations o f F lo ris il and alumina). Only alumina 
was effective; 1 g provided optimum separation for the weights 
of packing tried (0.5, 1.0, 1.5, and 2.0 g). The effectiveness 
of various solvent m ixtures for elution of each column pack
ing was also investigated. Fo r alumina, ethanol-methanol- 
ethyl acetate (10 + 10 + 80) was a more effective eluant than 
was ethanol-ethyl acetate (20 + 80), acetonitrile-ethyl ace
tate (20 + 80), or ethanol-ethyl acetate (30 + 70). After 
evaporation to dryness, the column eluate was reconstituted 
in 500 |x L  mobile phase, and a 100 p,L aliquot was used for 
L C  injection. Lo w  recoveries sometimes occur because of 
the difficulty in dissolving the residue in mobile phase; how
ever, warming the mixture on a 45°C water bath aids disso
lution. Unfortunately, this operation also results in carrying 
more fatty material into the L C  system, which tends to sep
arate and collect in the guard column. Periodic reverse wash
ing or replacement of the guard column obviates these prob
lems. K idney tissue, nevertheless, presents the greatest dif
ficulty for analysis because of the nature of its fatty content.

Results
Table 1 presents data used to prepare the calibration curves 

for the reference compounds, carbadox, desoxycarbadox, 
nitrofurazone, and furazolidone.

Table 2 summarizes the results of assaying spiked tissues 
(muscle, kidney, and live r randomly purchased from grocery 
outlets) for carbadox, desoxycarbadox, nitrofurazone, and 
furazolidone by the L C  method. Figures 4 and 5 show typical 
chromatograms for a pork kidney blank and pork kidney 
spiked at the 10 ng level, respectively.

The variab ility of assays of composite material, as evi
denced by the tabulated C V  values (Table 2), appears to be 
caused by problems inherent in extraction procedures and by 
difficulty in reconstituting the final residue in mobile phase 
as discussed earlier. Although the residues can be detected 
at 2 ppb, the high C V  values and recoveries indicate that the 
method is not reliable at that level.

Furtherm ore, in assays o f fresh live r samples obtained by 
autopsy from a pig fed carbadox-treated ration, we found that 
even minimal incandescent light can reduce assay levels and 
give results that vary in proportion to distance from the lamp 
and duration of exposure. We observed this degradative influ
ence of minimal incandescent light after a complete assay of 
tissues (comparable to Table 2) resulted in overall average 
recoveries for carbadox and desoxycarbadox from spiked 
tissues (10-40 ppb) o f 50% ± 8.8 and 54% ± 10.8, respec
tive ly , and correspondingly overall average recoveries of 40% 
± 12.3 (nitrofurazone) and 75% ± 17.2 (furazolidone). A s a



96 2
Table 2. Recovery of carbadox, desoxycarbadox, nitrofurazone, and furazolidone added to pork tissues‘
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Carbadox Desoxycarbadox Nitrofurazone Furazolidone

Peak Peak Peak Peak
ng ht SD CV Ree., % ht SD CV Ree., % ht SD CV Ree., % ht SD CV Ree., %

Kidney

2 10.5 1.8 16.9 56 10.5 2.4 23.3 97 9.4 3.9 41.9 45 14.3 1.0 7.3 80
10 32.6 3.3 10.2 39 27.6 5.3 19.4 55 29.8 5.1 17.1 31 57.7 4.2 7.3 71
20 73.6 10.9 14.8 46 51.3 9.6 18.7 52 65.6 9.5 14.5 36 114 9.7 8.5 73
30 116.8 14.9 12.8 52 69.8 14.2 20.0 49 115 44.7 38.9 44 170 18.0 10.6 76
40 160 32.6 20.4 54 118 22.8 19.3 61 139 36.6 26.4 41 241 34.5 14.3 81

Liver

2 21 4.8 22.8 112 10.6 2.9 27.3 98 7.3 1.4 19.3 35 25.8 1.5 5.7 145
10 62.7 8.5 11.7 74 32.3 3.0 9.3 65 33 3.6 10.8 35 73.9 14.6 19.8 92
20 113 18.1 16.0 71 57.7 11.8 20.5 59 64.3 10.0 15.5 35 128 12.4 9.7 82
30 158 20.3 12.8 70 86.9 8.1 9.3 61 121 13.2 10.9 47 192 31.4 16.3 86
40 193 41.7 21.6 65 128 21.9 17.0 66 164 24.0 14.6 48 281 43.1 15.3 94

Muscle

2 12.6 1.5 12.0 68 8.1 1.7 20.1 75 8.8 1.3 14.8 42 17.4 4.4 25.2 98
10 32.9 3.1 10.1 39 35.3 2.0 5.6 71 43.8 6.8 15.5 46 47.6 6.4 13.4 59
20 70.6 12.4 17.6 44 63.6 7.4 11.6 65 91.6 16.3 10.4 50 95.6 9.0 9.4 61
30 92.2 16.7 18.1 41 103 17.1 16.6 73 138 14.9 10.8 53 170 7.0 4.1 76
40 118 17.6 14.9 40 117 25.4 21.8 60 174 21.6 12.5 51 211 15.3 7.3 71

“Data represent an average of 8 injections (minimum) based on peak heights normalized for attenuation setting 4. A composite sample was prepared 
for each tissue; from each of these composites, 4 aliquots were spiked to each of the indicated levels, and at least 2 injections were made from each 
aliquot.

Table 3. Effect of lamp distance on level of desoxycarbadox residue In pig liver

Sample*
Distance 

to lamp, :m
Av. peak 
ht, mm Desoxycarbadox, ppb

a 65 185 38
b 75 247 51
c 85 312 65

“Each sample (10 g) was a composite of finely cut liver tissue obtained 
by autopsy from a pig fed carbadox-treated ration [50 g/ton (2000 lb) 
(0.0055%) of finished feed] for 3 weeks and slaughtered at zero 
withdrawal time.

result o f this concern, we repeated the extensive assay work 
on new tissue samples and obtained the improved results 
summarized in Table 2. Overall average recoveries (10-40 
ppb range) for carbadox and desoxycarbadox from spiked 
tissues were 53% ± 13.6 and 61% ± 7.2, respectively; overall 
average recoveries for nitrofurazone and furazolidone were 
43% ± 7.3 and 77% ± 10.9, respectively.

A s mentioned earlier, we assayed fresh liver samples from 
a pig fed carbadox-treated ration ; the results of in-house trials 
involving carbadox-fed pigs w ill be published later. We noted 
in that work that there was a progressive reduction in desoxy
carbadox content corresponding to the order of workup posi
tion of 3 identical tissue samples within the fumehood (exposed 
for the same length c f  time) in respect to a 60-watt incandes
cent lamp (Table 3). Although the samples were protected 
from exposure to direct light by a reflector attached to the 
lamp to direct illumination into a back corner o f the hood 
(and no overhead laboratory illumination as usual for any of 
the assays), sufficient indirect illumination reached the sam
ples during their limited preparation (~2 h) within the hood 
to cause proportionate degradation of desoxycarbadox. When 
this assay was repeated in the absence of any light in the 
fumehood, using fresh liver samples from the same batch 
(same anim al), uniform assay results for desoxycarbadox 
were obtained. Th is observation and its experimental corro
boration demonstrates the great sensitivity of desoxycarba
dox in solution to light of even the weakest U V  source. 
Although stringent precautions had been taken to conduct all

tissue assays in near darkness, these results showed that no 
illumination could be tolerated during fumehood operations, 
a conclusion supported by the more consistent results and 
more acceptable C V  values obtained when all tissue samples 
were re-assayed in virtual darkness.
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M y  c o to x in s  in  G r a i n  D u s t :  M e t h o d  f o r  A n a ly s is  o f  A f la t o x in s ,  O c h r a t o x in  A ,  Z e a r a le n o n e ,  
V o m it o x in ,  a n d  S e c a lo n ic  A c id  D

K E N N E T H  C . E H R L I C H  and L O U I S E  S . L E E
U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e ,  A g r i c u l t u r a l  R e s e a r c h  S e r v i c e ,  S o u t h e r n  R e g i o n a l  R e s e a r c h  C e n t e r ,
P O  B o x  1 9 6 8 7 ,  N e w  O r l e a n s ,  L A  7 0 1 7 9

A multimycotoxin method is presented to quantitate aflatoxins, ochra
toxin A, zearalenone, secalonic acid D, and vomitoxin in grain dust. 
Dust spiked with these mycotoxins was extracted sequentially with 
methylene chloride followed by acetonitrile-water (86 + 14). Vomi
toxin was recovered in the latter extract and all other mycotoxins were 
recovered in the methylene chloride. Aflatoxins and ochratoxin were 
quantitated by fluorescence measurement on silica thin layer chro
matographic plates. The other mycotoxins were quantitated after cleanup 
by reverse phase liquid chromatography and ultraviolet detection. 
Recoveries from dust spiked in the parts per billion (ng/g) range were 
approximately 80% (SD = 15-29%) for all mycotoxins. Minimum 
detectable amounts ranged from less than 0.5 ng/g for aflatoxins to 20 
ng/g for zearalenone.

Several multimycotoxin methods have been developed pre
viously to simultaneously extract a number of mycotoxins 
from corn (1-9). Grains and oilseeds handled by elevators in 
the New Orleans area are mainly soybean, corn, and wheat. 
Dust generated at these storage and shipping points reflect 
this composition. Because of this multiplicity of sources of 
grain dust, methods designed for a single type of grain may 
require modification. The method reported here was adapted 
from the official A O A C  method for aflatoxins (10), a modifi
cation of the van Egmond procedure for ochratoxin A  (11), 
and the procedure of Ware and Thorpe for zearalenone (12). 
Isolation and quantitation of secalonic acid D and vomitoxin 
were accomplished by modifications of previously described 
methods (13, 14).

A ll mycotoxins considered in this study are possible con
taminants of corn (15-20), and some were reported as natural 
contaminants of wheat (21-26). As these grains are processed 
during shipping and storage, dust particles are formed. The 
dust particles may contain elevated levels of mycotoxins 
compared with the original grains because mold-contami
nated seeds are more friable than healthy seeds and, there
fore, more susceptible to physical damage (27). Mycotoxin- 
contaminated dust particles may be inhaled by exposed farm
ers, barge personnel, and elevator workers. Increased inci
dences o f chronic bronchitis, asthma, and emphysema have 
been reported among grain handlers (28, 29). Burg et al. (15) 
detected aflatoxins in corn dust generated on farm s, and 
zearalenone and secalonic acid D have been identified as 
contaminants in corn dust collected from terminal grain stor
age elevators in the New Orleans area that handle corn from 
the midwestern United States (14, 19). Zearalenone and vom
itoxin, mycotoxins formed by F u s a r iu m  species, usually occur 
together in contaminated grains (30, 31). Palmgren et al. (19) 
isolated colonies of toxigenic strains of A s p e r g i l l i ,  P e n i c i l l i n ,  
and F u s a r i a  in this grain dust. Among these strains were P .  
o x a l i c u m ,  P .  v i r i d i c a t u m ,  A . f l a v u s ,  F .  g r a m i n e a r u m ,  and F .  
m o n i l i f o r m e ,  mold species capable of producing secalonic 
acid D , ochratoxins, aflatoxins, vom itoxin, and zearalenone, 
respectively.

Received January 20, 1984. Accepted April 10, 1984.

M ETH O D S

A p p a r a tu s
Equipment specified is not restrictive ; other suitable equip

ment may be substituted.
(a) F l u o r o d e n s i t o m e l e r . — Schoeffe l S L D  (Schoeffe l 

Instrument D iv  , 24 Booker S t, Westwood, N J 07675). E x c i
tation at 365 nm and emission at 425 nm for aflatoxins and 
ochratoxin.

(b) L i q u i d  c h r o m a t o g r a p h .—Model A L C  502/401 (Waters 
Associates, M ilford, M A 01757) equipped with 6000A pump 
and U 6 K  septumless injector. Injector was connected to 
Whatman (9 Bridewell P I, C lifton, N J 07014) guard column 
(7 cm, id = 2.1 mm) packed with Perisorb R PU 8 , 30-40 pm 
(E M  Laboratories, In c ., 500 Executive  B lvd , Elm sford , N Y  
10523).

(c) L C  c o l u m n .—Reverse phase, Partisil-10 ODS 2 (W hat
man), 4.60 mm id x  250 mm long.

(d) D e t e c t o r s .—Waters Model 440 and 441 ultraviolet 
detectors operated at 340 nm for secalonic acid D , 280 nm 
for zearalenone. and 214 for vomitoxin.

(e) C h a r t  r e c o r d e r .— Omniscribe dual pen, Model A5213- 
2 (Houston Instrument, 1 Houston Sq, Houston, T X  78753).

(f) W r i s t - a c t i o n  s h a k e r .— Burre ll, Pittsburgh, P A  15219.
(g) F i l t r a t i o n  b e l l .—Fisher Filtrator (low form) (F isher Sc i

entific C o ., Springfield, N J 07081).
(h) T h in  l a y e r  c h r o m a t o g r a p h i c  ( T L C )  p l a t e s .—Aflatoxin 

and ochratoxin— glass plates 20 x  20 cm , coated with 0.5 
mm wet layer Adsorbisil-1 silica gel (Applied Science Labo
ratories, State College, P A  16801). Activate 1 h at 100-110°C. 
Score before using.

(i) P l a t e  s c o r e r . — Schoeffel.
(j) V ie w i n g  c a b i n e t .—Chromato-vue (U ltra-V iolet Prod

ucts, In c ., San Gabriel, C A  91778), fitted with two 15 watt 
long wavelength lamps.

(k) S a m p l e  v ia l s .— 2 dram with polyethylene snap caps. 
A lso , 16 x  125 mm culture tubes with Teflon-lined Bakelite 
caps. V ia ls  and tubes were nitric acid-washed and oven-dried 
(180°C) before use.

(l) C h r o m a t o g r a p h i c  c o l u m n s .—Glass Econocolumn (1 x  
30 cm) (B io-Rad, PO B o x 708, Rockville  Center, N Y  11571).

(m) S y r in g e s .— Hamilton 7100 series for spottingTLC plates, 
800 series for L C  injections. A lso , disposable 1 m L  plastic 
syringes with barrel removed, as reservoir for Sep-Pak car
tridges.

(n) S e p - P a k . — RP-18 silica cartridge (Waters) prepared for 
use by washing with 2 m L  methanol followed by 10 m L water.

(o) C e n t r i f u g e .—Dam on/IEC H N -S I I  w ith 24-place angle 
rotor (International Equipment C o ., Needham Heights, M A).

R e a g e n ts
(a) S o l v e n t s . — Reagent grade methanol, methylene chlo

ride, hexane, ethyl acetate, acetonitrile, toluene, acetic acid, 
and acetone. L C  grade acetonitrile and tetrahydrofuran. Water 
purified by M illi-Q system (M illipore, Bedford, M A 01730).



964 EHRLICH & LEE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 67, NO. 5, 1984)(b) S o d i u m  b i c a r b o n a t e  s o l u t i o n . — 4 g sodium bicarbonate 
in 100 m L  water.

(c) P h o s p h o r i c  a c i d  s o l u t i o n  ( 1 M ) .—6.8 m L concentrated 
H ,P 0 4 diluted to 100 m L  with water.(d) S u l fu r ic  a c id  s o 'u t io n  ( 2 M ) .—28 m L concentrated H 2S 0 4 
diluted to 1 L  with water.

(e) C i tr i c  a c i d  s o l u t i o n .—700 g in 1 L  water.
(f) S o d i u m  h y d r o x id e  s o l u t i o n .—40 g NaOH in 1 L  water 

(1M).
(g) A c t i v a t e d  c a r b o n . — Darco G60 (J. T . Baker Chemical 

C o .).(h) N e u t r a l  a l u m i n a .—Chromatographic grade (No. 9296, 
M C B).

(i) D i a t o m a c e o u s  e a r t h .—Acid-washed Celite 545 (Johns 
M anville).

(j) D e v e l o p i n g  s o l v e n t s  f o r  T L C .—Aflatoxins: ethyl ether- 
methanol-water (96 + 3 + 1); ochratoxin A : toluene-acetic 
acid (95 + 5).(k) L C  e lu t i o n  s o l v e n t s .— Secalonic acid D and zearale- 
none: acetonitrile-water-tetrahydrofuran-acetic acid (4 + 3 
+ 0.5 + 0 .5), pH 2.8; vomitoxin: acetonitrile-water (1.5 +
8.5).

(l) S t a n d a r d s .—Aflatoxins and ochratoxin A  were obtained 
from M akor Chem icals, L td , Jerusalem, Israel. Purity of each 
was established by T L C . Zearalenone was a gift from N . 
Bachman, Commercial Solvents, In c ., Terre Haute, IN . 
Vom itoxin was prepared from fermentation of F . g r a m in e a r -  
i u m  N R R L  5883 on corn and isolated by the method of Veson- 
deret ai. (20). Secalonic acid D was purified in our laboratory 
from Y E S  medium inoculated with P . o x a l i c u m  according to 
the method of Ciegler et al. (32). Purity of vomitoxin and 
secalonic acid D was established by melting points, nuclear 
magnetic resonance spectra, and elution as single peaks on 
liquid chromatograms. Standard solutions were prepared in 
ethanol and concentrations were determined using Beer’s law 
from known values ore (33) (aflatoxin B ,, €(362 nm) = 21 800; 
aflatoxin B 2, e(362 nm) = 23 400; aflatoxin G ,. e(362 nm) = 
16 100; aflatoxin G 2, s(363 nm) = 21 000; ochratoxin A , e(333 
nm) = 6400: zearalenone, e(274 nm) = 13 900; secalonic acid 
D , e(340nm) = 31 2C0; vom itoxin, e(217 nm) = 5220), molec
ular weights, and ultraviolet absorption. Solutions were stored 
in the dark at -2 0 °C . Solutions were prepared to contain 7.4 
|xg aflatoxin B , ,  1.4 ag aflatoxin B 2, 3.2 pg aflatoxin G ,, 2.9 
pg aflatoxin G 2, 4.2 pg ochratoxin A . 43.8 pg zearalenone,
45.2 |xg secalonic ac:d D , and 205 pg vomitoxin/mL.

(m) G r a in  d u s t —  Dust was collected from various loca
tions within 2 terminal grain elevator facilities on the M issis
sippi R ive r in the New Orleans area. Dust was also collected 
from the dust control system (baghouse) o f an elevator in 
Ohio. The dust was mainly from corn although some samples 
were from soybean and wheat. Fo r our study a composite 
dust was prepared containing 4 parts corn dust, 1 part soy
bean dust, and 1 part wheat dust. Samples were sifted through 
a 40 mesh screen to remove particles larger than 420 pm. At 
least 65% of the remaining particles were smaller than 70 pm. 
The dust was stored at -  4°C in air-tight plastic bags held in 
metal cans. Before extraction the dust was spiked with ali
quots from the standard solutions, shaken for 30 min at room 
temperature, and allowed to stand overnight before extrac
tion.

E x tr a c t io n
Weigh 50 g dust in 500 m L T  Erlenm eyer flask. Add 25 m L 

1M phosphoric acid and 250 m L methylene chloride. Shake 
30 min on wrist-action shaker; filter through fluted paper and 
press dry with 50 m L round-bottom flask. Collect > 200 m L

filtrate. Transfer three 50 m L aliquots into separate 100 m L 
Erlenm eyer flasks with glass stoppers for aflatoxin. ochra
toxin A , and combined zearalenone and secalonic acid assays. 
(The remaining 50 m L may be reserved to repeat assay, if 
necessary.) Return filter cake to 500 m L Erlenm eyer flask for 
vomitoxin extraction.

With one 50 m L aliquot, proceed with aflatoxin assay by 
Lee  and Catalano (34) modification of official A O A C  method
(10). Fo r ochratoxin assay, transfer 50 m L aliquot of filtrate 
to 250 m L separatory funnel. Add 70 m L bicarbonate solution 
and shake 1 min. After phase separation, drain lower meth
ylene chloride layer into second 250 m L separatory funnel. 
Add additional 35 m L  bicarbonate solution and shake. D is
card lower (methylene chloride) layer and acidify to pH 3.5 
with 2M sulfuric acid (ca 20 m L). Transfer acidified solution 
to separatory funnel, add 50 m L methylene chloride, and 
shake carefully, because there w ill be some additional carbon 
dioxide evolution. Drain lower methylene chloride layer 
through sodium sulfate (2.5 cm in Butt tube) into 250 m L 
beaker. Re-extract aqueous phase with additional 50 m L 
methylene chloride and drain through sodium sulfate. Evap 
orate methylene chloride extract to near dryness on steam 
bath. Transfer quantitatively to glass via l and evaporate sol
vent under stream of nitrogen. Reserve sample fo rT L C  anal
ysis.

Fo r isolation of zearalenone and secalonic acid D , add 50 
m L sodium hydroxide solution to 50 m L aliquot of methylene 
chloride extract in 250 m L separatory funnel, let layers sep
arate, discard lower methylene chloride layer. Add 50 m L 
citric acid solution to neutralize base and then re-extract with 
50 m L methylene chloride. After layers separate, repeat 
extraction with additional 50 m L  methylene chloride and 
then, after drying combined methylene chloride extracts with 
sodium sulfate as above, evaporate to near dryness on steam 
bath. Transfer residue to vial with ethyl acetate and re-evap- 
orate under stream of nitrogen. Redissolve residue in 200 p L  
acetonitrile and add 800 p L  water. Transfer to RP-18 Sep- 
Pak cartridge fitted with 1 m L  disposable plastic syringe with 
barrel removed. Centrifuge 5 min at 1000 rpm (collect filtrate 
in small plastic centrifuge tube) and discard filtrate. Then 
elute secalonic acid D and zearalenone from cartridge with 
two 500 p L  portions of acetonitrile-water (7 + 3) and again 
use centrifugation to recover eluate. Save for L C  determi
nation of secalonic acid D and zearalenone.

To isolate vom itoxin, extract filter cake, which was saved 
after initial phosphoric acid-methylene chloride extraction, 
with 100 m L  acetonitrile-water (86 + 14) by shaking for 30 
min. F ilte r through fluted paper; collect >  50 m L . Prepare 
charcoal-alumina-diatomaceous earth column as described 
by Trucksess et al. (35), substituting glass Econocolumns for 
polypropylene columns. Support column, fitted with 3 in. 
metal cannula passing into 50 m L beaker, in glass bell filtra
tion apparatus connected to vacuum (ca 20 torr). Pass 25 m L 
acetonitrile-water extract through column. Wash with addi
tional 10 m L  acetonitrile-water (86 + 14). Evaporate ethyl 
acetate to dryness and redissolve extract in 100 p L  aceroni- 
trile. Add water to 2 m L  volume. Pass through silica cartridge 
by centrifugation as described above. Discard eluate. Wash 
cartridge twice with 500 p L  acetonitrile-water (3.5 + 6.5) to 
elute vom itoxin. Save for L C  determination.

Q u a n t i ta t io n
T L C .—Dissolve evaporated aflatoxin sample extract in 1 

m L benzene-acetonitrile (98 + 2). Spot 5 p L  aliquo:s of 
sample extract on scored T L C  plate adjacent to aliquots of 
standards ranging from 5 to 20 ng per spot. Develop plate in
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Table 1. Recovery (%) and lowest detectable levels (pg/kg) cf 

mycotoxins added to grain dust

Mycotoxin
Added,
9-g/kg

Rec.,
% SD, %a

Lowest
detectable

level,
i^g/kg

Aflatoxin EL 0.5-40 76 23 <0.5
b 2 0.5-40 83 21 <0.5
Gi 0.5-40 77 24 <0.5
Ö2 0.5-40 57 23 <0.5

Ochratoxin A 1-100 88 16 10
Zearalenone 10-1000 81 15 20
Secalonic acid D 5-400 98 29 10
Vomitoxin 5-400 84 29 10

“Triplicate samples were analyzed at each of 4 spiking levels.

ether-m ethanol-water (96 + 3 + 1) ca 30 min. Scan plate in 
densitometer and calculate aflatoxin content from peak areas 
of samples and standards (10. 34). D issolve samples for 
ochratoxin analysis in 100 p,L benzene-acetonitrile (98 + 2) 
and spot 5 p.L samples as well as aliquots of standards ranging 
from 20 to 400 ng per spot. Develop plate in toluene-acetic 
acid (95 + 5), air-dry, and then scan plate in densitometer 
and calculate ochratoxin concentration as for aflatoxins.

L C .  —(a) S e c a lo n i c  a c i d D  a n d z e a r a l e n o n e .— Prepare mobile 
phase of acetonitrile-water-tetrahydrofuran-glacial acetic acid 
(4 + 3 + 0.5 + 0.5) and filter through 0.45 p,m Teflon filter. 
Degas filtrate by evacuation at 20 to rrfo r 30 min. Using 2 L C  
ultraviolet detectors in tandem, set one for absorption at 280 
nm and the other for absorption at 340 nm. Stabilize system 
at 1.7 mL/min (1500 psi). Inject 20 p.L aliquots with detector 
set at 0.01 or 0.05 absorbance unit full scale (A U F S ) . Measure 
peak heights for zearalenone (A 28o detection; k '  = 3.39; at 
0.01 A U F S , 0.59 ng/mm peak height) and secalonic acid D 
(A 340 detection; k '  = 4.09; at 0.01 A U F S , 0.62 ng/mm peak 
height). To  verify , inject 20 p L  sample plus 5 p L  standard 
(43.8 pg zearalenone or 49.4 pg secalonic acid D/m L). D if
ferences between peak heights of samples plus standard and 
that of the standard should equal peak heights of samples 
alone. Calculate concentrations from peak heights of samples 
compared with standards. A lternative ly , use peak areas of 
samples and standards to compute concentrations of unknown. 
(Th is way is more accurate but is only possible if  peak sep
arations are sufficient to allow accurate area computation. 
Usually peaks are sufficiently sharp to allow peak heights to 
accurately reflect amounts.) (b) V o m i t o x i n .— Prepare mobile 
phase o f acetonitrile-water (1.5 + 8.5). F ilte r and degas as 
described above. Set Model 441 detector at 214 nm and sta
bilize L C  system at 1.5 mL/min (vomitoxin elutes at k '  =  
3.30; at 0.01 A U F S , 1.46 ng/mm peak height). Inject 20 u L  
aliquots with detector set at 0.01 A U F S . Co-inject sample 
and standard to verify peak migration and quantitation. C a l
culate concentration from peak height of sample compared 
to peak height of standard.

Results and Discussion
The multimycotoxin method described in this report was 

designed to use separate aliquots of the extract for determi
nation of all mycotoxins except zearalenone and secalonic 
acid D which were recovered and analyzed simultaneously. 
The method takes advantage of the use of both T L C  and L C  
to maximize sensitivity of detection and simplicity of approach. 
Aflatoxins and ochratoxin, which are highly fluorescent under 
ultraviolet illumination, are detected with great sensitivity on 
T L C  plates (10, 11). The other toxins studied are not detected 
with great sensitivity by T L C  and, therefore, an L C  approach 
was chosen to analyze these toxins. Aflatoxins were deter-

Figure 1. Liquid chromatogram of secalonic acid D (arrow) recovered 
from grain dust spiked with 200 ppb standard (340 nm).

mined by standard methods (10) using silica column chro
matography for initial cleanup. Ochratoxin was separated 
from the mixture by extraction into sodium bicarbonate solu
tion, and secalonic acid D  and zearalenone by extraction into 
dilute sodium hydroxide solution. Acetonitrile-water re
extraction of the residue was used to recover vomitoxin from 
methylene-chloride extracted, spiked grain dust. Separate 
analysis of the methylene chloride extract showed that less 
than 10% of the total vomitoxin was obtained in this extract. 
Therefore, most of the added vomitoxin remained in the 
residue. The extraction of grain dust with methylene chloride 
aided the cleanup of vomitoxin before L C  analysis. Overall 
recoveries of the mycotoxins from spiked grain dust are given 
in Table 1. Inclusion of phosphoric acid was necessary for 
good recovery of the acidic mycotoxins, zearalenone, seca
lonic acid D , anc ochratoxin, but may have slightly reduced 
the recovery of aflatoxins. Other studies using a sim ilar T L C  
approach have reported higher recoveries for aflatoxins (5, 
8).

The dust used for these spiking studies consisted mainly of 
corn matter but also contained dust from soybean and wheat. 
A ll o f the particles were less than 420 p,m; 65% passed through 
a 70 p,m sieve. The dust had been previously analyzed for 
zearalenone, aflatoxin, ochratoxin, and secalonic acid D by 
the Palmgren et al. (19) and Ehrlich  et al. (14) single-myco- 
toxin methods. Only secalonic acid D  was present at a con
centration of 60 ppb. Flowever, other dusts examined from 
New Orleans terminal storage and shipping elevator have 
been shown to contain zearalenone and secalonic acid D at 
levels as high as 50 ppm (14, 19). The presence of zearalenone
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R E T E N T I O N  T I M E  ( M I N )
Figure 2. Liquid chromatogram of vomitoxin (arrow) recovered from 

grain dust spiked with 200 ppb standard (214 nm). Figure 3. Liquid chromatogram of zearalenone (arrow) recovered from 
grain dust spiked with 100 ppb standard (280 nm).

in some samples of dust suggested that vomitoxin may also 
be a co-contaminant because both can be produced by the 
same mold ( F .  g r a m i n e a r u m )  (30, 31). Prelim inary data show 
that vomitoxin is indeed a contaminant of some samples of 
dust; these data w ill be reported separately. Aflatoxins have 
been reported as contaminants in grain dust (15, 17) but were 
not present in any of the samples collected from local ele
vators that mainly store grains from the midwestern United 
States. The single-toxin methods used for the previous stud
ies were time-consuming and, especially for zearalenone, 
were not particularly sensitive because a colorimetric deter
mination on T L C  plates had been used. Development of a 
multimycotoxin method allowing quantitation of all these 
toxins and retaining sensitivity in the ppb range was, there
fore, desired. The method described here has been applied 
to 13 samples, and required approximately 4 days to prepare, 
extract, and analyze all samples.

The recovery of aflatoxins and ochratoxin A  followed 
methods previously described (10, 11.34). These cleanup and 
T L C  approaches gave good separation from other fluorescent 
compounds in the m ixture. H owever, at the lowest spiking 
level (10 ppb) for ochratoxin, some smearing of the band 
occurred, which was corrected for when recoveries were 
estimated. Using this method, therefore, the lower limit for 
detection of ochratoxin A  is about 10 ppb.

Vom itoxin cleanup before L C  analysis involved the Truck- 
sess et al. method 135) as modified in the Romer procedure
(36). A  further silica cartridge cleanup step was added before 
L C  analysis to eliminate some impurities and to remove insol

uble matter in the sample. The sample for vomitoxin analysis 
was applied to the activated silica cartridge in acetonitrile- 
water (2.5 + 97.5); the cartridge retained more than 99% of 
the vom itoxin. Vom itoxin was eluted from that cartridge with 
acetonitrile-water (3 + 7), conditions which allowed recov
ery o f 93% of the added vomitoxin (demonstrated in control 
studies using purified vomitoxin).

Cartridge cleanup before L C  analysis was also used for 
secalonic acid D and zearalenone. In itia lly , both secalonic 
acid D and zearalenone were partitioned into dilute sodium 
hydroxide solution and then recovered into methylene chlo
ride after using citric acid to neutralize the base. The extrac
tion and quenching into citric acid were carried out as rapidly 
as possible to avoid possible hydrolysis of the ester group of 
secalonic acid D . In control studies, recovery of secalonic 
acid was not affected by extraction into base when neutrali
zation occurred within 10 min of the extraction. Fo r silica 
cartridge cleanup, elution of the adsorbed material with ace
tonitrile-water (7 + 3) allowed >95% recoveries of secalonic 
acid and zearalenone. Because recovery from the cartridge 
cleanup step was almost quantitative, most of the reduction 
in recovery o f secalonic acid D and zearalenone (Table 1) 
occurred in the initial extraction step. L C  of zearalenone and 
secalonic acid was attempted both with and without cartridge 
cleanup. Cleanup eliminated some slow-eluting impurities, 
allowed somewhat better resolution of the secalonic acid peak 
(Figure 1), and eliminated a filtration step usually needed 
before L C  analysis. Using centrifugation to recover the eluate, 
rather than pressure, assured complete recovery and allowed
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use of less solvent for the elution. In the procedures described 
above we found it possible to reuse the silica cartridges, if, 
after obtaining the sample, each cartridge was washed with
5-10 m L methanol and then with 10-20 m L water.

L C  analyses o f vomitoxin (Figure 2), zearalenone (Figure
3), and secalonic acid D  (Figure 1) were on the same reverse 
phase silica column, thereby eliminating the column prepa
ration time required for analysis if  different L C  columns were 
used. W ith secalonic acid D  and zearalenone, the same L C  
solvent system was used, thus allowing simultaneous analysis 
of these 2 toxins. Under these conditions, with tandem mon
itoring at 340 and 280 nm, both secalonic acid D and zeara
lenone can be quantitated in a single run. A t 340 nm, zeara
lenone had 11% of the absorbance per ng as secalonic acid, 
while at 280 nm, secalonic acid had 40% o f the absorbance 
of zearalenone.

The methods given here for L C  analysis do not allow com
plete resolution of the mycotoxin peaks from other impurities 
(Figures 1-3). H ow ever, the peaks are sufficiently sharp to 
allow quantitation from peak height measurements. With 
zearalenone and vom itoxin , grain dust extracts prepared in 
the absence of added toxin did not give peaks eluting at the 
positions shown. Recoveries (Table 1) compared favorably 
with those reported for other methods, although reproduci
bility was somewhat lower. Fo r vom itoxin, the limit of detec
tion is almost equal to those found for most other methods 
previously described using gas chromatography (37). The 
percent recoveries were sim ilar for all toxins except secalonic 
acid D . Secalonic acid D  was detected in control, unspiked 
samples o f the same dust at a concentration of 60 ppb. This 
background amount has been subtracted to calculate results 
given in Table 1. The high average recovery of secalonic acid 
may, in part, reflect an underestimation of the amount of 
secalonic acid in the original sample. Recoveries of toxin 
were sim ilar over the entire range of spiking amounts tested. 
The levels chosen for spiking reflect the amounts of the indi
vidual toxins reported as contaminants in corn (14, 16-18, 
20).

It is usual practice to screen samples for single toxins; in 
the past, the mutagenic toxins, aflatoxins B , and G ,, have 
received the major emphasis. The method presented here 
allows single-toxin screening as well as multitoxin screening 
because individual cleanup steps are used for the different 
toxins. More and more studies are reporting that mold-con
taminated foods and feeds contain more than one toxin and 
that these multiple toxins can exert their biological effects in 
a synergistic manner (2, 38, 39). Therefore, it is increasingly 
important to subject samples to screening procedures for 
suspected multiple toxic contaminants.

References

(1) Howell, M. V., & Taylor, P. W. (1981) 7. A ssoc . O ff. Anal. 
C hem . 64, 1356-1363

(2) Egon Josefsson, B. G., & Moller. T. E. (1977) 7. A ssoc . Off. 
A nal. C hem . 60, 1369-1371

(3) Gimeno, A. (1979) 7. A sso c . O ff. A nal. C hem . 62, 579-585

(4) Balzer, I . ,  Bogdanic, C ., & Pepeljnjak, S. (1978)7. A s s o c .  O ff. 
A n a l .  C h e m . 61, 584-585

(5) Takeda, Y . ,  Isohata, E . ,  Amano, R ., & Uchiyama, M. (1979)
7. A s s o c .  O ff. A n a l .  C h e m . 62, 573-578

(6) Patterson, D. S. P ., & Roberts, B . A. (1979)7. A s s o c .  O ff. A n a l.  
C h e m . 62, 1265-1267

(7) Roberts, B . A ., & Patterson, D. S. P. (1975)7. A s s o c .  O ff. A n a l.  
C h e m . 58, 1178-1181

(8) Wilson, D. M., Tabor, W. H ., & Trucksess, M. W. (1976) 7. 
A s s o c .  O ff.  A n a l .  C h e m . 59, 125-127

(9) Scott, P. M. Lawrence, J . W., & van Walbeek, W. (1970) A p p l.  
M icro b io l. 20, 839-842

(10) O ffic ia l M e th o d s  o f  A n a ly s is  (1980) 13th Ed ., AOAC, Arlington, 
VA , Chapter 26, pp. 414-434

(11) Paulsch, H. P ., van Egmond, W. E . & Schuller, P. L . (1982) 
International IUPAC Symposium on Mycotoxins and Phyco- 
toxins, Vienna, Austria, September 1-3

(12) Ware, G. W ., & Thorpe, C. W. (1978) 7. A s s o c .  O ff.  A n a l.  
C h e m . 62, 1058-1062

(13) Ehrlich, K . C ., Lee, L . S ., & Ciegler, A. (1983)7. L iq . C hro-  
m a to g r . 6, 833-843

(14) Ehrlich, K . C ., Lee, L . S ., & Ciegler, A . (1982) A p p l. E n v iro n .  
M icro b io l. 44, 1007-1008

(15) Burg, W. R .. Shotwell, O. L . ,  & Saltzman, B. E . (1981) Am. 
I n d .H y g .  A s s o c .  J .  42 , 1-11

(16) Shotwell, O. L . ,  Hesseltine, C. W ., & Goulden, M. L . (1969) 
A p p l .  M ic ro b io l. 17, 765-766

(17) Shotwell, O. L . ,  Burg, W. R ., & Diller, T . (1981)7. Assoc. O ff. 
A n a l .  C h e m . 64, 1060-1063

(18) Kotsonis, F. N ., Smalley, E . B ., Ellison, R. A ., & Gale, C. M. 
(1975) A p p l .  M ic ro b io l. 30, 362-368

(19) Palmgren, M. S ., Lee, L . S ., DeLucca, A. J ., Jr, & Ciegler, A.
(1983) Am. In d . H y g . Assoc. 7. 44, 485-488

(20) Vesonder, R. F ., Ciegler, A ., & Jensen, A. H. (1973) A p p l.  
M icro b io l. 28, 1008-1011

(21) LaFont, P ., & LaFont, J. (1970) F o o d  C o s m e t. T o x ico l. 8, 403- 
408

(22) Scott, P. M., van Walbeek, W ., Harwig, J ., & Fennell, D. I. 
(1970) C a n . J  P la n t  S c i. 50, 583-585

(23) Scott, P. M ., van Walbeek, W., Kennedy, B. P. C ., & Anyeti,
D. (1972) 7. A g r ic . F o o d  C h e m . 20, 1103-1109

(24) Hesseltine, C. W., Rogers, R . F ., Shotwell, O. F . (1978) M y c o l-  
o g ia  70, 14-18

(25) Shotwell, O. L . ,  et al. (1983) Abstracts, 97th AOAC Meeting, 
Washington, DC, October 3-6, p. 73

(26) Trenholm. H. L . ,  et al. (1983) 7. A s s o c .  O ff.  A n a l. C h e m . 66, 
92-97

(27) Lillehoj, E . B ., Kwolek, W. F ., Peterson, R. E . ,  Shotwell, O. 
L . ,  & Hesseltine, C. W. (1976) C e rea l C h e m . 53, 505-512

(28) Cotton, D. J ., & Dosman, J. A. (1978) A n n . In te r n . M e d . 88, 
840-841

(29) doPico, G. A ., et al. (1977) Am. R e v . R e sp ir . D is . 115, 915-927
(30) Mirocha, C. J ., Christensen, C. M ., & Nelson, G. H. (1967) 

A p p l .  M ic ro b io l. 15, 497-503
(31) Mirocha, C. J . , Schauerhamer, B ., Christensen, C. M., Niku- 

Paavola, M. L . ,  & Nummi, M. (1979) A p p l .  E n v iro n . M ic ro b io l.  
38, 749-750

(32) Ciegler, A ., Hayes, A . W., & Vesonder, R. F . (1980) A p p l.  
E n v iro n . M ic ro b io l. 39, 285-287

(33) T h e  M e r c k  In d e x  (1976) 9th Ed ., Merck and Co., Rahway, NJ
(34) Lee, L . S ., & Catalano, E . A. (1981) 7. Am. O il C h e m . S o c . 58, 

949A-951A
(35) Trucksess, M W., Nesheim, S ., & Eppley, R. M. (1984) 7. 

A s s o c .  O ff.  A n a l .  C h e m . 67, 40-43
(36) Romer, T . R ., Greaves, D. E . ,  & Gibson, G. E . (1981) 6th AOAC 

Spring Workshop. Ottawa, Ontario, Canada, May 12-14
(37) Scott, P. M. (1982) 7. A s s o c .  O ff.  A n a l .  C h e m . 65, 876-883
(38) Lindenfelser, L . A ., Lillehoj, E . B ., & Burmeister, H. R. (1974)

7. N a tl .  C a n c e r  In s t . 52, 113-116
(39) Huff, W. E . ,  & Doerr, J. A. (1981) P o u lt.  S c i. 60, 550-555



968 TRENHOLM ET AL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 67, NO. 5, 1984)

R a p i d ,  S e n s it iv e  L iq u i d  C h r o m a t o g r a p h ic  M e t h o d  f o r  D e t e r m in a t io n  o f  Z e a r a le n o n e  
a n d  a - a n d  f i - Z e a r a le n o l  in  W h e a t

H . L O C K S L E Y  T R E N H O L M , R O B E R T  M . W A R N E R , and D E N N IS  W. F I T Z P A T R I C K 1
A g r i c u l t u r e  C a n a d a ,  G o v e r n m e n t  o f  C a n a d a ,  A n i m a l  R e s e a r c h  C e n t r e ,  O t t a w a ,  O n t a r i o ,  C a n a d a  K 1 A  0 C 6

A rapid, sensitive liquid chromatographic (LC) method is described 
for quantitative determination of zearalenone and a- and fl-zearalenol 
in wheat. The procedure incorporates an internal standard, zearale
none oxime, to facilitate quantitation and automated analysis. A sam
ple, buffered with pH 7.8 phosphate, is extracted with water-ethanol- 
chloroform (2 + 50 + 75) and cleaned up. The final residue is dissolved 
in LC mobile phase and injected onto a reverse phase RP-18 column 
under the following conditions: water-methanol-acetonitrile (5 + 3 
+ 2) mobile phase; fluorescence (excitation wavelength 236 nm, 418 
nm cut-off emission filter) and UV (254 nm, range 0.0025 AU) detectors. 
The limit of detectability (twice background) is 0.5 ng for zearalenone 
and a-zearalenol standards on the fluorescence detector and 4 ng for 
(i-zearalenol on the UV detector, which is equivalent to 20 pg zeara
lenone and 20 pg a-zearalenol/kg, and 160 pg (1-zearalenol/kg feed. 
Standard curves are linear over the range 0-35 ng zearalenone and a- 
zearalenol on the fluorescence detector and 0-50 ng (3-zearalenol on 
the UV detector. Recoveries of all compounds are 87.5-101% in the 
range 0.1-3.0 mg/kg (ppm).

During the w inter wheat harvest in Ju ly  1980, Ontario farmers 
observed a great deal of sprouting and pink discoloration of 
the wheat kernels (()• A s a direct result of germination and 
mold growth, wheat delivered to the elevators was down
graded. Subsequently, the mold contamination on wheat 
samples was identified as F u s a r i u m  g r a m in e a r u m  (2). F u s a r -  
i u m  molds, indigenous to the temperate Canadian climate, 
produce a variety o : mycotoxins, depending on growth con
ditions (3-7).

The presence of mold contamination on the wheat crop 
created an urgent need to develop rapid and sensitive meth
ods for analyses of these potentially harmful metabolites. A 
current major concern is the identification and quantitation 
of the mycotoxin zearalenone (and related metabolites), pres
ent in trace amounts in feed samples (8, 9).

Zearalenone [(E.S)-2,4-dihydroxy-6-(6'-oxo-10'-hydroxy- 
l-undecenyl)benzoic acid-p-lactone], a-zearalenol [(E ,R ,S )-
2,4,dihydroxy-6-(6',10'-dihydroxy-l-undecenyl)benzoic acid- 
p-lactone], and 3-zearalenol f(E,S,S)-2,4-dihydroxy-6-(6'-10'- 
dihydroxy-l-undecenyl)benzoic acid-p-lactone] (Figure 1) are 
F u s a r i u m  metabolites. A ll 3 may cause reproductive prob
lems in swine (10-14). Zearalenone acts systematically as an 
estrogenic substance (15-18). The feeding of F u s a r i u m - con
taminated diet to swine resulted in prolonged estrus in females, 
a lack o f libido in bears, and no conceptions during a 4-month 
feeding trial (19). In swine, zearalenone has been associated 
with abortion, mummified fetuses, stillbirths, reduced litter 
size, “ splaylegs,”  incoordination of the hind limbs, and fewer 
viable animals at birth (20-25).

Numerous methods are available for determination of zear
alenone in plant material (26, 27), e .g ., thin layer chromatog- 
graphy (T L C )  (28-51), minicolumn chromatography (32), gas 
chromatography (C C ) (33-39), mass spectrometry (M S) (31, 
33-36). liquid chromatography (L C )  (40-49). and bioassays 
(19, 50). To  assess the safety of contaminated plant products, 
it is necessary to analyze zearalenone. as well as a- and p- 
zearalenol, at the parts per billion (ppb) level. Th is paper 
describes a sensitive L C  method for quantitative analysis of
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zearalenone and a- and p-zearalenol in wheat, which incor
porates an internal standard, zearalenone oxime [(E .S)-2 ,4- 
dihydroxy-6-(6'-oxo-lO'-hydroxy-1 -undecenyl)benzoic acid- 
p-lactate oxim e], to facilitate quantitation and automated 
analysis.

M ETH O D

A p p a r a tu s
(a) G l a s s w a r e .— Before use, thoroughly wash pipets and 

volumetric flasks with detergent, tap water, distilled water, 
and methanol. Wash other glassware before use with deter
gent, tap water, and distilled water, followed by heating in 
muffle furnace a: 2 h at 500°C.

(b) V o r t e x  m i x e r .—Vortex-Genie (F isher Scientific C o ., 
Ottawa, Ontario).

(c) C l in ic a l  c e n t r i f u g e .— Dynac I I  centrifuge (F isher Sc i
entific C o .).

(d) L i q u i d  c h r o m a t o g r a p h .— Spectra-Physics Model SP- 
8000-03, microprocessor-based. Liquid chromatographic 
system fitted with temperature-programmed oven (set at 30°C); 
auto-injector with high pressure injection valve and 250 p L  
loop, Model A0280-020; ternary gradient system with degas, 
Model A0802-010; single channel data system, Model A0475- 
010; 16 K  R A M  memory, Model A0655-010; detector auto
zeroing device, Model A1644-010, to upgrade system to SP- 
8000B; and cathode ray tube display unit. Model A1645-010. 
Dual channel printer/plotter, Model A0275-020; second data 
system channel. Model A0555-010; syringe injector kit. Model 
A0346-010; and autosampler, Model SP8010 (Technical M ar
keting Associates L td , Ottawa, Ontario).

(e) L C  c o l u m n .—Stainless steel (25 cm x  4.6 mm id), 
packed with reverse phase RP-18, 5 pun OD-5A Spheri-5 
(Brownlee Lab s , Santa C lara , C A ). Guard column. Part No. 
84550 (W aters Scientific L td . Mississauga, Ontario), filled 
with Spherisorb S5 O D S, 5 pm OD 5, Cat. No. 1610 0310 
(Phase Separations, Hauppage, N Y ) , is inserted between 
injector and L C  column.

(f) U l t r a v io l e t  ( U V )  d e t e c t o r . — Spectra-Physics Model 
A0260-010. SP-8210 U V  detector with 254 nm filter; range 
0.0025 A U .

(g) F l u o r e s c e n c e  d e t e c t o r .—Schoeffel Model FS-970 liq
uid chromatography fluorometer with excitation wavelength 
set at 236 nm, and 418 nm cut-off emission filter (Schoeffel 
Instrument Corp ., Westwood, N J 07675). Range: 0.01 p A ; 
time constant set at maximum.

(h) U s e  o f  a u t o s a m p l e r  f o r  L C  i n j e c t i o n . — F ill 12 x  75 mm 
disposable borosilicate glass culture tubes with 4-5 m L  anal
ysis sample dissolved in mobile phase solvent (water-meth- 
anol-acetonitrile, 5 + 3 + 2). Place tubes in racks provided, 
alternating sample and flush tubes. F it polyethylene caps on 
each tube. Use 250 p L  injection loop (dead volume of sipper 
needle to loop was 44 p L ) . Prime pump system with above 
solvent, ensuring all air bubbles are removed. Manually 
advance the sipper needle to first sample v ia l. Input para
meter set conditions as follows:

Mobile phase, water-methanol-acetonitrile (5 + 3 + 2) 
premixed

Initial delay, 1 min
Injection delay, 4.2 min
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Figure 1. Chemical structures for zearalenone, a-zearalenol, p-zeara- 
lenol, and zearalenone oxime.

Run time, 22 min
Number o f cycles, input number of samples to be run
F low  rate, 1.8 mL/min
Flow  mode, Q I or constant flow, isocratic
Oven temperature, 30°C
Report file , input information identifying sample, operator, 

detectors used, column type, mobile phase 
Graph file, identify channel used to acquire and reduce 

data; Channel 1: U V  detector, attenuation x  2, chart 
speed 1.0 cm/min, zero baseline offset 15%, plotted on 
right side, intensity 4; Channel 2: fluorescence detector, 
attenuation x  6, chart speed 1.0 cm/min, zero baseline 
offset 15%, plotted on left side, intensity 4 

Data systems, input data system files to be used with detec
tor channels 1 or 2 

F i l l  time, 4.0 min 
Flush time, 10 min 
Repetitions per v ia l, 2
Begin parameter set No. 1 execution— Input “ S B 1 .”  Enter 

D ( l)  Z1 and D(2) Z l .  Baseline detector level is taken as zero 
for the chromatogram. Th is occurs for each injection, reset
ting zero points at the same pen position for each chroma
togram automatically.

(i) S h a k e r .—Magni Whirl® constant temperature bath (Blue 
M E lectric  C o ., B lue Island, I L )  set at room temperature and 
high-speed shaking.

(j) F l a s h - e v a p o r a t o r .—Rotating, vacuum, all-glass, 2 L  
capacity (Buchler Instruments, Fo rt Le e , N J).

R e a g e n ts
(a) S o l v e n t s .—2-propanol, 95% ethanol, methanol, ben

zene, acetonitrile, chloroform, all L C  or A C S  reagent grade 
and redistilled in glass in our laboratory. Ether redistilled 
before use. Glass-distilled chloroform stabilized by addition 
of 0.75% ethanol.

(b) B a s e - a c i d  e x t r a c t i o n  s o l v e n t s .—0.184N N aO H pre
pared by diluting certified standard 1.002N N aOH (carbon
ate-free) (F isher Scientific C o .); 0.50N acetic acid in double- 
distilled water prepared by diluting certified A C S  grade (99.7%) 
glacial acetic acid (F isher Scientific Co .).

(c) L C  m o b i l e  p h a s e . —Water-methanol-acetonitrile (5 + 
3 + 2). Methanol and acetonitrile (L C  grade) were filtered 
through Millipore filter FH -0.5 |j,m; water was double-dis
tilled in glass and filtered through Millipore filter HA-0.45 p.m 
(M illipore Corp ., Bedford, M A  01730).

(d) Z e a r a l e n o n e ,  z e a r a l e n o n e  o x im e ,  a n d  a -  a n d  f l - z e a r -  
a l e n o l  s t a n d a r d  s o l u t i o n s .—Obtained from International 
M inerals and Chemical C o rp ., Terre Haute, IN . The a- and

Figure 2. Fluorescence and UV/visible chromatograms of zearalenone (15 ng), a -  and p-zearalenol (15 ng), and zearalenone oxime (30.6 ng) 
standards.

P-zearalenol were also synthesized by sodium borohydride 
reduction of zearalenone, according to published methods 
(general ketone reduction reaction) (51). A ll standards were 
purified by using L C  preparative chromatography. Partisil 
M9 10/25 OD S-2, C-18, high-loading preparative column 
(Whatman, In c ., C lifton, N J) was used to purify standards 
(mobile phase water-methanol-acetonitrile (9 + 7 + 4); 
attenuation x  160; balance 0.08 on U V  detector; flow rate
6.0 m L/m in). Purified standard fractions were evaporated 
over nitrogen to remove acetonitrile and methanol, then chilled 
overnight at 4°C and centrifuged at 4°C. The supernate was 
removed and the residue was dried under vacuum 2 h at 65°C.

Standards were developed on T L C  plates impregnated with 
10% silver nitrate; mobile phase was 15% methanol in chlo
roform. A ll standards gave single spots when viewed under 
U V  light or sprayed with 10% phosphomolybdic acid, except 
P-zearalenol gave 3 spots. p-Zearalenol was further purified 
on 250 mm Redicoat A G  silica gel G  with 10% silver nitrate 
and then on cellulose plates to remove finely divided silver, 
which passed through the sintered glass crucible. Sylated 
derivatives of all standards with M S T F A  yielded single peaks 
on a 3.7 m x  0.64 cm od (2 mm id) glass gas chromatographic 
column containing 3% OV-17 on 120-140 mesh Gas-Chrom 
Q (Applied Science Laboratories, In c ., State College, P A ) at 
258°C, flow rate 25 mL/min (Perkin-Elm er Model 900, Mon
treal, Quebec). Retention times were a-zearalenol, 11.05 min; 
P-zearalenol, 11.74 min; zearalenone, 14.45 min; and zeara
lenone oxim e, 15.27 min (39). Positive identification of each
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Figure 3. Plot of fluorescence and UV/visible detector responses vs 
amount of standards injected onto LC column (recorder attenuations: fluorescence, 40 mV; UV/visible, 5 mV).
mycotoxin was conf rmed by mass spectrometry (M S) (Fin- 
nigan 3100D, Technical Marketing A sso c ., L td , Ottawa, 
Ontario).

Standard solutions were prepared by accurately weighing 
ca 1 mg each standard and dissolving in 50 m L methanol (20 
p.g/mL). Tw o m L aliquots were evaporated to dryness over 
nitrogen, stored at -  30°C, and reconstituted when required. 
(Peak heights of standards dissolved in methanol decreased 
30% over a 10-month period when standards were stored in 
the refrigerator at 4CC and protected from light.)

(e) P h e n o l  r e d  i n d i c a t o r .— 10mg/50mL water. Color change 
from red to yellow at pH 8.2-6 .0 .

(f) P h o s p h a t e  b u f f e r —  Add 8.5 m L 0.2M monobasic sodium 
phosphate (N aH 2P 0 4) to 91.5 m L  0.2M dibasic sodium phos
phate (N a2H P 0 4), pH 7.8 (F isher Scientific Co .).

A n a ly s i s  o f  S ta n d a r d s
To  establish linearity o f L C  fluorescence and U V  detector 

responses to zearalenone and a- and (3-zearalenol, transfer 
series of aliquots (5C-175 p.L) to 25-100 m L volumetric flasks, 
and dilute each aliquot with water-methanol-acetonitrile (5 
+ 3 + 2) to prepare standard curves in the range 0-35 ng. 
the amounts injected from 250 p,L loop. Keep amount of 
internal standard constant at 30.6 ng with each injection. 
Measure peak heights (fluorescence and U V  responses, F ig
ure 2) and plot peak heights vs amounts (ng) of standards 
injected (Figure 3). Prepare graph (Figure 4) to show the 
relationship between standards injected (ng) and ratio of peak 
height responses for respective standard/zearalenone oxime 
(internal standard) on the same detector.

C le a n u p  o f  W h ite  W in te r  W h e a t
Grind 600 g representative wheat sample to pass 2 mm 

sieve and mix thoroughly. Weigh 2.5 g into 500 m L Erlen- 
meyer flask. Dropwise add 0.2 m L internal standard (12.85 
p.g zearalenone oxim e/m L chloroform) and m ix. Add 4.0 m L 
phosphate buffer (pH 7.8) and shake until buffer is absorbed 
into wheat sample, i .e ., no dry areas remain evident. Use 
spatula to break up any lumps or caked wheat adhering to 
sides or bottom of Erlenm eyer flask.

Figure 4. Plot of amount (ng) of standards injected vs ratio of standards/ 
zearalenone oxime peak height ratios (30.6 ng zearalenone oxime added to sample as internal standard). Fluorescence detector (recorder atten
uation: 40 mV) used for zearalenone and a- and p-zearalenol; UV/visible detector responses (recorder attenuation: 5 mV) used for p-zearalenol.

Add 200 m L water-ethanol-chloroform (2 + 50 + 75) and 
shake vigorously 1 h. Using glass funnels, filter mixture first 
through clean glass wool plug and then fine 18.5 cm Whatman 
filter paper No. 5 into 500 m L round-bottom flask. Wash 
Erlenm eyer flask, residue, and filter paper with two 30 m L 
portions o f extracting solvent and combine extracts. Add 2.0 
m L phosphate buffer (pH 7.8), m ix, and evaporate to 20-30 
m L on rotary evaporator at 40°C. With disposable pipet, 
transfer concentrate to 100 m L round-bottom flask. Rinse 500 
m L flask with 5 m L  portions of methanol and add rinses to 
concentrate. Evaporate on rotary evaporator until volume 
remaining is < 2 m L . Transfer to 15 m L graduated conical 
centrifuge tube fitted with Teflon-lined screw cap. Extract 
remaining residue in 100 m L round-bottom flask with two 4 
m L  and one 2 m L aliquots of 10% 2-propanol in ether and 
combine extract in 15 m L centrifuge tube. M ix 2 min on 
vortex m ixer and centrifuge 2 min at 425 x  g .  Transfer upper 
ether extract to 15 m L  round-bottom centrifuge tube fitted 
with Teflon-lined screw cap. Be careful not to transfer any 
portion of solid interface.

Place extract on ice 10-15 min and add 2.0 m L chilled 
0.184N N aOH (stored in refrigerator at 43C ). Vortex-m ix 1 
min and then chill on ice. Repeat mixing and chilling. Cen
trifuge 2 min at 425 x  g  and discard upper layer. Wash cold 
aqueous layer with 2 m L  portions of benzene; avoid forma
tion of an emulsion by very gently inverting tube. Ch ill and 
centrifuge. D iscard benzene washings.

Add 3 drops of phenol red indicator. Neutralize basic extract 
to pH 7.0-8 .4 range by adding ca 0.85 m L chilled 0.5N acetic 
acid (4°C) while vortex-mixing. Indicator w ill change from 
red to slightly pink. Note: Do not take color change beyond 
this point to white. Ch ill and extract 3 times with 2.0 m L 
benzene each time. Vortex-m ix 1 min, ch ill, and centrifuge 2 
min at 1100 x  g .  I f  emulsion forms, slight lowering of pH 
w ill normally break emulsion. Maintain pH at 7 .0-8 .4 .

Evaporate pooled benzene extracts to dryness over stream 
of nitrogen at 40°C. Add 3.0 m L  water-methanol-acetonitrile 
(5 + 3 + 2) and mix vigorously for 4-5 min on vortex m ixer. 
Dilute 1.0 m L  aliquot to 7.0 m L . Inject 0.25 m L  onto L C  
column. Some samples may be slightly cloudy. Use guard
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column before L C  column, or filter sample through Millipore 
stainless steel filter device (Cat. No. X X 3 0  012 00, Millipore 
Corp .(fitted w ith0 .5  fxm organic filter (Cat. No. FH LP01300) 
with AP-type prefilter installed on top and held in place with 
Teflon “ O ”  ring (M illipore Corp .) attached to 5 m L  B-D Yale 
Luerlok syringe (Becton, Dickinson and C o ., Rutherford, 
N J). Place in freezer at -3 0 °C  until day of analysis.

Recoveries o f Zearalenone, a- and (i-Zearalenol, and 
Zearalenone Oxime from  Wheat

Estab lish recoveries o f a -  and (3-zearalenol, zearalenone, 
and zearalenone oxime from 2.5 g-triplicate wheat samples 
in 500 m L Erlenm eyer flasks at 0.1, 0.5, and 3.0 ppm levels 
(Table 1). Dropwise add 250, 1250, and 7500 ng standards in 
0.20 m L  chloroform to separate 2.5 g aliquots of wheat. Add
4.0 m L  buffer (pH 7.8) and proceed with cleanup procedure 
described above. Measure peak heights obtained with those 
of comparable amounts of standards. Inject amounts in 0-35 
ng range to ensure linearity.

Determination

Place sample tubes in SP-8010 autosampler and complete 
analysis, using parameter set control. Measure peak heights 
for zearalenone, a -  and p-zearalenol, and zearalenone oxime 
as identified by comparison of retention times with those of 
standards. Subtract background noise from peak heights. 
Determine results from standard curves. Multiply results from 
graph (ng standards) by 3.36 x  1 0 '2 to calculate mg/kg (ppm) 
levels of zearalenone and a -  and (3-zearalenol in wheat sam
ples.

Results and Discussion
A s more becomes known about nutritional and toxicolog

ical effects o f zearalenone, greater demands w ill be placed 
on the analyst to quantitate trace levels of zearalenone in 
grains. Recent reports indicate that a- and p-zearalenol may 
also be present as natural contaminants. Because all deriva
tives may produce estrogenism, one can expect synergistic 
effects to occur when animals ingest compounds together. 
Reproductive problems would occur at much lower levels of 
zearalenone if  a- and p-zearalenol were present in substantial 
quantities. In such a situation, analysis for zearalenone alone 
would result in a misleading interpretation.

Liquid chromatography is well suited for zearalenone anal
ysis. W ith a fluorescence detector, the detection limit for 
zearalenone and a-zearalenol is 0.5 ng injected. Fo r p-zear- 
alenol, the limit is much higher (4 ng). In our laboratory, we 
chose to use the UV/visib le  detector for p-zearalenol (detec
tion limit 4 ng) because a small interfering peak occurred 
under the p-zearalenol peak when fluorescence detection was 
used. Our experience suggested that UV/visib le detection is 
more sensitive than the fluorescence detector to solvent flow 
rates and turbulence in the flow cell. Fluorescence detection 
of zearalenone/zearalenol eliminates many interfering peaks 
encountered with U V  detection of wheat samples.

Extraction  conditions were designed to take full advantage 
of the solubility characteristics of zearalenone derivatives to 
minimize interferences, yet maintain high recoveries. L C  
conditions and sample volumes were selected to achieve good 
peak resolution and automated analysis.

The internal standard concentration was chosen for anal
ysis of samples in the 0 .2-3 .0  ppm range. The internal stan
dard eliminates errors due to variability in sample cleanup, 
injection, and detector response. With no requirement for 
external standard injections, the time and cost of each anal
ysis are greatly reduced.

Table 1. Recoveries of zearalenone, zearalenone oxime, a-zearalenol, 
and p-zearalenol from wheat

Added,
mg/kg
(ppm) Recovery, % SDa

p-Zearalenol

0.1 — ___

0.5 92.8 6.2
3.0 87.5 2.6

a-Zearalenol

0.1 90.5 9.4
0.5 91.1 7.9
3.0 91.9 1.4

Zearalenone Oxime

0.1 101.0 2.6
0.5 91.4 7.2
3.0 88.1 2.7

Zearalenone

0.1 93.5 6.5
0.5 87.9 8.4
3.0 88.6 2.1

aAII analyses were done in triplicate.

The importance of using contaminant-free solvents and 
glassware cannot be overemphasized. Using fluorescence and 
UV/visib le  L C  detectors for analyzing trace mycotoxin levels 
means that elimination of all interfering peaks is a major 
objective in method development. Our experience confirmed 
the advantages c f  muffling glassware, using solvents redis
tilled in glass, and washing aqueous solvents with distilled 
organic solvents to minimize sources of contamination. Sam
ples were generally protected from light sources to avoid 
decomposition.

A  2.5 g sample of ground wheat was selected; Table 1 
reports recoveries. F ifty  gram samples were tested, but 
required large amounts o f internal standard. Poorer recov
eries (70%) were experienced with the larger samples, prob
ably due to less efficient extractions.

Phase partitioning into 0.1N N aO H  and then back into the 
organic phase by adjusting pH with 0.5N acetic acid was an 
effective means of removing most interfering peaks present 
in the wheat, while maintaining high recoveries, provided it 
is done at low temperatures (4°C). A t room temperature, 
recoveries are generally lower and more variable. The phos
phate buffer (pH 7.8) was used to prevent acid-catalyzed 
degradation of the zearalenone derivatives, especially the 
oxime. Fresh ly distilled ether, stabilized with 10% 2-pro
panol, is an effective solvent for extractions of zearalenone. 
zearalenone oxime, and a -  and (3-zearalenol from wheat 
extracted with 40% ethanol in chloroform. The ether extract 
does not emulsify when vortex-mixed with aqueous sodium 
hydroxide. Washing the N aO H  extract with benzene must be 
done very gently :o  avoid emulsion formation. Because ben
zene is used in the final extraction, it is advisable to use 
Teflon-lined screw caps to avoid unnecessary exposure.

Fluorescence and U V  detector responses were monitored 
simultaneously to quantitate all 4 derivatives. B y  calculating 
peak ratios for a given zearalenone derivative, one can check 
the presence of any questionable interferences or artifacts.

Figure 2 shows a typical chromatogram of the standards. 
The peaks are well resolved and the baseline is stable. Peak 
pairs (fluorescence and U V ) are readily identified for the 
standards. One exception is (3-zearalenol, which possesses 
poor fluorescence properties. The retention times for the 
derivatives were p-zearalenol, 8.5 min; a-zearalenol, 13.7
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min; zearalenone oxime, 15.4 min; and zearalenone, 18.5 min. 
Few  interfering peaks were observed in the wheat samples.

Standard curves for fluorescence detection were linear in 
the range of 0-35 ng zearalenone and a -  and p-zearalenol. 
W ith the U  V/visible detector, p-zearalenol curves were linear 
up to 50 ng. Results (Table 1) suggest that in the range inves
tigated (0 .1-3 .0  ppm), recoveries of standards and internal 
standard were comparable and in the range of 87.5-101.0%.

It is difficult for a method to achieve quantitation at such 
trace levels. To  analyze for 3 zearalenone derivatives plus an 
internal standard, a method must completely resolve all 4 
peaks. The cleanup procedure must eliminate contaminants 
which cause interference for not just one peak, but 4 peaks. 
Working at trace levels, the analyst is always concerned with 
injection precision and changes in detector responses which 
occur during an analytical run. An internal standard proce
dure is preferred to minimize the latter 2 problems. F ina lly , 
a preferred method lends itself to automated L C  analysis. 
Our procedure achieves the objective of quantitating zeara
lenone derivatives in wheat at trace levels.
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R a p id  Q u a n t i t a t io n  a n d  C o n f i r m a t io n  o f  A f la t o x in s  in  C o r n  a n d  P e a n u t  B u t t e r ,  U s in g  a  
D is p o s a b le  S i l i c a  G e l  C o lu m n ,  T h i n  L a y e r  C h r o m a t o g r a p h y ,  a n d  G a s  C h r o m a t o g r a p h y / M a s s  
S p e c t r o m e t r y

M A R Y  W . T R U C K S E S S ,  W I L L I A M  C . B R U M L E Y ,1 and S T A N L E Y  N E S H E IM  
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  C h e m i s t r y  a n d  P h y s i c s ,  W a s h i n g t o n ,  D C  2 0 2 0 4

A simple, rapid, and solvent-efficient method for determining aflatoxins 
in corn and peanut butter is described. Aflatoxins B,, B2, Gi, and G2 
were extracted from SO g sample with 200 mL methanol-water (85 + 
15). A portion of the extract was diluted with 10% NaCI solution to a 
final concentration of 50% methanol, and then defatted with hexane. 
The aflatoxins were partitioned into chloroform. The chloroform solu
tion was evaporated, and the residue was placed on a 0.5 g disposable 
silica gel column. The column was washed with 3 mL each of hexane, 
ethyl ether, and methylene chloride. Aflatoxins were eluted with 6 mL 
chloroform-acetone (9 + 1). The solvent was removed by evaporation 
on a steam bath, and the aflatoxins were determined using thin layer 
chromatography (TLC) with silica gel plates and a chloroform-acetone 
(9 + 1) developing solvent. Overall average recovery of aflatoxin B! 
from corn was 82%, and the limit of determination was 2 ng/g. For 
mass spectrometric (MS) confirmation, aflatoxin B, in the extract from 
3 g sample (20 ng/g) was purified by TLC and applied by direct on- 
column injection at 40°C into a 6 m fused silica capillary gas chro
matographic column. The column was connected directly to the ion 
source. After injection, the temperature was rapidly raised to 250:,C, 
and the purified extract was analyzed by negative ion chemical ioni
zation MS.

The C B  or AO  A C  official first action method (1, secs 26.026- 
26.031) for the determination of aflatoxins in grains is time 
consuming and requires the use of several hundred m L sol- 
vent/sample. Elem ents of the C B  and B F  (1, secs 26.032- 
26.036) methods were modified and combined, resulting in a 
method with improved detection and quantitation and with 
solvent consumption reduced from 450 to 20 mL/sample.

In the B F  method, methanol-water (55 + 45) is used for 
extraction; however, with this ratio the filtering rate is slow. 
The filtering rate was improved by increasing the methanol 
concentration to 85%. The filtrate was diluted with NaCI 
solution before defatting to decrease the partition of methanol 
to the hexane phase. Aflatoxins were then partitioned into 
chloroform and evaporated to dryness. Corn and peanut but
ter samples with contamination levels greater than 20 ng/g 
and commodities such as raw peanuts can be analyzed directly 
by thin layer chromatography (T L C ) . Other samples require 
a 0.5 g silica gel column cleanup before T L C  analysis.

Aflatoxin B , (BO identity was confirmed using on-column 
gas chromatography (GC)/negative ion chemical ionization 
(N IC I) mass spectrometry (M S). The confirmation of B , iden
tity by M S has become the preferred method. The techniques 
used include low resolution electron ionization (2), high res
olution multiple ion monitoring with solid probe sample intro
duction (3), on-column GC/M S with high resolution 2-ion 
monitoring (4), and M S/M S using solid probe sample intro
duction (5). The M S/M S technique requires advanced instru
mentation that generally has not been available. Fo r other 
M S techniques, B , must be isolated and purified. To  this end, 
preparatory 2-dimensional T L C  and column chromatography 
have been used successfully (6). How ever, these techniques 
are time consuming. Recently it has been shown that B , 
standard can be chromatographed by capillary G C  using on- 
column injection (7). The on-column injection technique has

'Division of Chemical Technology.Received March 15, 1984. Accepted April 18, 1984.

been described in detail (8). When this technique was applied, 
B , isolated from a sample extract prepared by this method 
using one-dimensional T L C  separation was clean enough for 
MS analysis. This results in shorter cleanup time and improved 
recovery o f B ,.

M ETH O D

Apparatus

(a) W r i s t - a c t i o n  s h a k e r . — Model B T  (Burre ll Co rp ., Pitts
burgh, P A  15219).

(b) C h r o m a t o g r a p h i c  t u b e —  Polypropylene column, 12 mm 
id packed with 20 pm frit (N o. 7121-6, J .  T . Baker Chemical 
C o ., Phillipsburg, N J 08865).

(c) V a c u u m  a p p a r a t u s . — B a k e r  extraction system (J . T . 
Baker Chemical C o .).

(d) V i a l s .—2 dram, with foil-lined screw caps.
(e) T L C  p l a t e . —20 x  20 cm (E . M erck 5763) silica gel 60, 

precoated.
(f) V ie w i n g  c a b i n e t .—Chromato-Vue Model C-6 (Ultra- 

V io let Products, In c ., San Gabriel, C A  91778), fitted with 15 
W  longwave ultraviolet (U V ) lamp.

(g) F l u o r o d e n s i t o m e t e r .— Schoeffel SD  3000 (Schoeffel 
Instrument Corp ., Westwood, N J 07675).

(h) I n t e g r a t o r . — SP4100 (Spectra Physics In c ., Piscata- 
w ay, N J 08854).

(i) A u t o m a t i c  e lu t i o n  s y s t e m .— Eluchrom  (Camag Applied 
Analytica l Industries, Wilmington, N C  28405).

(j) M a s s  s p e c t r o m e t e r . — Finnigan 3300 C l with 9500 G C  
(Finnigan M A T  Corp ., San Jose, C A  95134). Operating con
ditions: scan range 55-655 um, scan time 1.5 s, source pres
sure 0.7 torr, source temperature 110-130°C, reagent gas 
methane, filament current 0.5 m A , electron energy 140 eV . 
Introduce sample onto column with syringe or use commer
cial on-column injector.

(k) C o n c e n t r a t o r  t u b e .—Chrom aflex (Kontes K-422560, 
Kontes G lass C o ., Vineland, N J 08360).

(l) G C  c o l u m n .—6 m x  0.2 mm id methyl silicone, fused 
silica.

Reagents

(a) S o l v e n t s .—Methanol, hexane, chloroform, anhydrous 
ethyl ether, dichloromethane, acetone, and isopropanol, A C S  
grade.

(b) S i l i c a  g e t .—40 pm (No. 7024-5, J .  T . Baker Chemical 
Co .).

(c) A f l a t o x i n s  s t a n d a r d .—Prepare in benzene-acetonitrile 
(98 + 2) as in secs 26.006-26.011 (1) to contain 0.5 pg B , and 
G ,/m L and 0.15 pg B 2 and G 2/m L for T L C  analysis. Prepare 
in acetone to contain 20 ng B ,/p L  for M S confirmation. Store 
diluted standards in refrigerator in vapor-proof container.

Extraction and Partition

Weigh 50 g ground corn or peanut butter into 500 m L glass- 
stopper Erlenm eyer flask. Add 200 m L methanol-water (85 
+ 15) and secure stopper with masking tape. Shake 30 min 
on wrist-action shaker and filter through medium paper. Co l
lect 40 m L  filtrate in 50 m L  graduated cylinder. Transfer to
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125 m L  separatory funnel. Add 40 m L 10% N aCl solution, 
m ix, and add 25 m L  hexane. Shake 1 min. Le t phases sepa
rate, and drain lower phase into second 125 m L separatory 
funnel. D iscard upper phase. Extract aflatoxins from aqueous 
phase with two 25 m L  portions of CH C1,; shake 1 min each 
time. Combine CHC13 fractions in 125 m L Erlenm eyer flask 
and evaporate extract to dryness on steam bath.

S i l i c a  G e l  C o lu m n  C h r o m a to g r a p h y
Add 0.5 silica gel to chromatographic tube. Place 20 (xm 

frit on top of packing (alternatively, 6 m L  disposable extrac
tion column packed with silica gel (Baker 7086-6) can be 
used). (Note: S ilica  gel or prepacked columns were used as 
received from the manufacturer. Variable water content aris
ing from exposure to different humidity conditions was not a 
problem.) Attach column to Baker extraction system. Con
dition column by washing with 3 m L hexane, then 3 m L  
dichloromethane using vacuum (flow rate 6 mL/min). D is
solve sample residue in 3 m L  dichloromethane and add to 
column. Le t sample drip freely (flow rate 3 mL/min, apply 
vacuum if  needed). Rinse flask with two 1 m L  portions of 
dichloromethane and add rinse to column. Wash column with 
3 m L  hexane, 3 m L  anhydrous ethyl ether, and then 3 m L 
dichloromethane (use vacuum, flow rate 6 mL/m in). Turn off 
vacuum, remove extraction system cover, and place 2 dram 
via l under each column. (Test tube rack can be used to hold 
v ia ls.) E lute  aflatoxins without vacuum with two 3 m L por
tions of C H C l3-acetone (9 + 1). Evaporate eluate to dryness 
on steam bath under stream o f nitrogen.

T h i n  L a y e r  C h r o m a to g r a p h y
Dissolve sample extract in 200 p,L CHC13. Spot 5 or 10 p,L 

CHC13 sample solution alongside 2, 4, 8, and 16 |xL  standard 
solution. Develop plate 1 h with C H C l3-acetone (9 + 1). 
Evaporate solvent in fume hood 5 min. Exam ine plate under 
longwave U V  light to determine presence or absence of afla
toxins. I f  aflatoxins are present, quantitate by visual com
parison of fluorescence intensity of sample with reference 
standards (1, sec. 26.031) or by fluorodensitometric measure
ment.

When densitometer is used to scan sample and aflatoxin 
reference spots (transmission mode, excitation 365 nm and 
emission cutoff 43C nm), calculate concentration of B , in 
sample, using the following formula:

ng/g = V uR J V J t W
where Vu = sample extract volume: R u = densitometer 
response for B , in sample aliquot; Vs = p,L sample extract 
spotted; R ,  = calculated average densitometer response/ng 
for 4 B , standard spots; W  =  weight of sample represented 
by extract (10 g).

Calculate concentrations o f B 2, G ,, and G 2 in sim ilar man
ner.

C o n f ir m a t io n  o f B , b y  O n - C o lu m n  G C IM S
Divide 20 cm plate into 3 cm channels with pencil. In  middle 

o f channels spot amount of sample extracts to contain 60 ng 
B , and one 2 ng B , standard. Develop plate with CHC13-  
acetone (9 + 1)1 h. Evaporate solvent. Illuminate standard 
channel with longwave U V  light. C ircle  standard. Use stan
dard position as guide to locate B , in sample extracts. Avoid 
direct U V  irradiation on sample spots. Remove B , from T L C  
plate with E luchrom , using 2.5 m L  C H C l3-acetone-isopro- 
panol ( 8 5 + 1 5  + 5) as eluting solvent. Alternative methods 
for removing B , from T L C  plate can be used. Collect eluate

Table 1. Recovery of aflatoxins added to corn and peanut butter
Found, %

Aflatoxin Added, ng/g Av. Range SD (n = 6) cv , %

Corn

B, 10 82 77-89 4.0 4.8
5 78 74-82 2.9 3.8
2 86 80-91 4.1 4.7

B2 3 87 79-90 4 . 0 4.6
1.5 83 79-92 5 . 0 6.1
0.6 87 80-93 5 . 2 6.0

Gi 10 88 83-96 2 . 5 2.8
5 81 77-85 3 . 1 3.8
2 103 93-111 7 . 9 7.7

G2 3 97 85-112 9 . 3 9.6
1.5 87 84-91 2 . 8 3.2
0.6 127 113-133 1 1 . 8 9.2

Peanut Butter

B, 10 76 72-77 2 . 5 3.2
b 2 3 87 80-98 7 . 9 9.1
G, 10 82 80-84 1 . 6 2.002 3 117 109-125 6 . 2 5.3

in 2 m L  concentrator tube. Evaporate solvent in warm water 
bath (50°C) under stream of nitrogen. Save for GC/M S anal
ysis.

Connect G C  capillary column to ion source of mass spec
trometer. Set for N IC I operating conditions. Calibrate mass 
scale from m/z 55 to 655 using Fom blin , or FC-43 spiked with 
dinitrofluorobenzene, trifluoroacetic anhydride, and acetic 
acid. Adjust instrument parameters to obtain good quality 
spectrum from 60 ng B , standard (in 3 p.L acetone) by on- 
column injection at 40°C. Adjust flow rate to 20cm/s. Increase 
column temperature to 250°C in 4 min. Retention time of B , 
is 5-6 min. D issolve sample extract in 50 (xL acetone and 
concentrate to ca 5 p .L. Inject 3 p.L on-column and use same 
G C  conditions as for standard. N IC I mass spectrum of B , 
consists o f m/z 312, 311, and 297 as major ions.

Results and Discussion
Table 1 gives the average recoveries of aflatoxins added to 

corn. The recovery of B , and G , was about 86% at spiking 
levels o f 10, 5, and 2 ng/g. Average recoveries of B 2 and G 2 
were 92 and 95%, respectively, at spiking levels of 3 and 1.5 
ng/g and 127% for G 2 at 0.6 ng/g.

Table 1 also presents the average recovery values for pea
nut butter samples spiked with aflatoxins at 10 ng/g (B , and 
G ,) and 3 ng/g (B 2 and G 2) levels. These aflatoxin recoveries 
have been corrected for aflatoxins present from natural con
tamination in the blank peanut butter used for spiking (1.1 
and 0.4 ng B , and B 2/g, respectively, determined by this and 
the C B  method). The average recovery of B , ,  B ; . and G , was 
about 82% and that o f G 2 was 117%.

Figure 1 shows representative T L C  chromatograms. A fla
toxins B | , B 2, and G , were well resolved. A  yellow fluorescent 
tailing interference chromatographed at the same R ,  as G 2. 
Th is should not be a serious problem because the occurrence 
of G 2 in corn and peanut butter is much less frequent than 
that of B | ,  B 2, and G ,. According to mycotoxin survey data 
(G . E .  Wood, Food and Drug Administration, Washington, 
D C , 1983, personal communication) of 548 corn samples ana
lyzed, 67% were contaminated with aflatoxins while only 2% 
contained G 2; o f 146 peanut butter samples analyzed, 19% 
were contaminated with aflatoxins with 4% containing G 2.

Figure 2 illustrates mass spectra o f B , isolated from natu
rally contaminated peanut butter at a level of 20 ng/g and B , 
standard. The signal-to-noise ratio in the spectra is about 
75:1. The spectra show a good correlation between sample
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A

1 3  5  7  9

•  •  » •  •  » •  •* • 
: #

i.
t i

1 3  5  7  9  11  1 3  1 5

F ig u r e  1 . C h r o m a t o g r a m s  o f  e x t r a c t s  o f p e a n u t  b u tte r  a n d  c o r n .  T L C  p la te  E .  M e r c k  s i l i c a  g e l 6C p r e c o a t e d .  M o b ile  p h a s e  C H C L r - a c e t o n e  (9  +  1),
u n e q u i lib r a t e d  ta n k .

A, peanjt butter: channels 1-6, spiked peanut butter (10 ng Bi and G,/g, 3 ng B2 and G2/g); 7-10, standards: 2, 4, 8, and 16 pL; B, and G, 0.5 ng/pL; 
B2 and G2 0.15 ng.yL. B, corn: channels 1,11-13, contaminated corn; 2-7, spiked corn (2 ng B, and Gi/g, 0.6 ng B2 and G2/g); 8-10, contaminated peanut

butter; 14-17, standards: concentrations as in A.

100.0r 311

S a m p le : p e a n u t butter

50.0 - 297

-  M/Z 50
.1 100.0
J2©
DC

50.0

*  i . 150137 326 , 347 380 , 381 396

S ta n d a rd : a flato x in  B

297

14« 157 173 191 360 374 390
M/Z 50

F ig u r e  2 . N IC ! M a s s  s p e c t r a :  c a  6 0  n g  B , is o la t e d  fro m  n a t u r a lly  c o n ta m in a t e d  p e a n u t  b u tte r  (2 0  n g  B t/g ); s t a n d a r d ,  6 0  n g  B i .

and standard. The major ions, m/z 312, 311, and 297, were 
observed in the full scan spectra with no interferences. Spec
tra of B, isolated from naturally contaminated corn were 
identical to those shown in Figure 2. The advantages of GC 
introduction over the solid probe introduction are the resolv
ing pow er of the capillary column and the consequent shorter 
prior cleanup. This should allow the MS technique to be 
applied to extracts prepared by many other methods.

References
(1) Official Methods of Analysis (1980) 13th Ed., AOAC, Arlington, 

VA

(2) Kingston, D. G. I. (1976) J. Assoc. Off. Anal. Chem. 59, 1016— 1022(3) Haddon, W. F.. Masri, M. S., Randall, V. G., Elsken, R. H ., & 
Meneghelli, B. J. (1977)7. Assoc. Off. Anal. Chem. 60, 107-113

(4) Rosen, R. T., Rosen, J. D., & DiProssimo, V. P. (1984)7. Agric. 
Food Chem., 32, 276-278(5) Plattner, R. D., Bennett, G. A., & Stubblefield, R. D. (1982) 
Presented at the 3rd Annual Conference on Mass Spectrometry 
and Allied Topics, Honolulu, HI

(6) Nesheim, S., & Brumley, W. C. (1981) 7. Am. Oil Chem. Soc. 
5 8 ,  945A-949A

(7) Friedli, F. (1981) 7. High Résolut. Chromatogr. Chromatogr. 
Commun. 4 ,  495-499(8) Knauss, K., Fulleman, J., & Turner, M. P. (1981) 7. High Rés
olut. Chromatogr. Chromatogr. Commun. 4 ,  641-643



97 6 SARVVAR ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 67, NO. 5, 1984)

V IT A M IN S  A N D  O T H E R  N U T R IE N T S

Inter- and Intra-laboratory Variability in Rat Growth Assays for Estimating Protein Quality 
of Foods
GHULAM SARWAR, ROBERT BLAIR,1 MENDEL FRIEDMAN,2 MICHAEL R. GUMBMANN,2 
L. ROSS HACKLER,3 PETER L. PELLETT,4 and TREVOR K. SMITH5
H ealth and Welfare Canada, Bureau o f  Nutritional Sciences, Food D irectorate, Health Protection Branch, 
Tunney’s Pasture, Ottawa, Ontario, Canada K1A 0L2

Protein efficiency ratio (PER), relative PER (RPER), net protein ratio 
(NPR), relative NPR (RNPR), and nitrogen utilization (NU) methods 
were investigated in an interlaboratory rat growth study. Six collabo
rating laboratories studied 7 protein sources (ANRC casein; minced 
beef; soya assay protein, SAP; pea flour; whole wheat flour, WW; 
rapeseed protein concentrate, RPC; and egg white solids, EW), and 
their 10 supplementary or complementary mixtures (casein + Met, 
SAP + Met, pea flour + Met, WW + Lys, WW + casein, WW + 
beef, WW + SAP, WAV + pea flour, WW + RPC, WW + EW). Test 
protein(s) were added at the 8% level (N x 6.25). Casein + Met was 
used as the reference protein. Interlaboratory variation (estimated as 
between-laboratories coefficients of variation) of PER (up to 17.2%) 
was greater than that of RPER (up to 14.9%), NU (up to 9.5%), NPR 
(up to 7.0%), and RNPR, which had the lowest variability (up to 4.7%). 
In most cases, intralaboratory variation (estimated as within-labora- 
tories coefficients of variation) for all the methods was less than 5%.

Rat growth assays are widely used for evaluating quality of 
protein in foods, and numerous workers have discussed the 
merits of these methods (1-11). The protein efficiency ratio 
(PER) is the official method of evaluating protein quality of 
foods in Canada and the United States, but this test has been 
criticized for not properly crediting protein used in mainte
nance, and for lack of precision, poor reproducibility, and 
high cost (1-4, 6, 7). The most important disadvantage of the 
PER test is that PER values of proteins of differing quality 
are not proportional. Therefore, this method is inappropriate 
for the calculation of utilizable protein such as in protein 
rating (grams protein in a reasonable daily intake x PER), 
which is the official method for regulating protein claims of 
food labels in Canada (12).

The net protein ratio (NPR, 13), nitrogen utilization (NU, 
14), and relative NU (RNU, 14) methods include the protein 
used for both growth and maintenance and provide protein 
quality values that are directly proportional to each other 
within acceptable limits. NPR values, as determined by the 
original procedures (13). are uncorrected. The scale used for 
relative NPR (RNPR, NPR of test diet expressed relative to 
a value of 100 for the NPR of a reference diet), however, is 
1 to 100, as it is for net protein utilization (NPU)and biological 
value (BV). RNPR. which is a modified NPU method (based 
on body weight), gives results similar to the relative nutritive 
value (RNV) method of Hegsted and co-workers (15, 16), 
which is superior to the relative protein value (RPV, 4) method
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and may be, in theory, the best assay for predicting protein 
quality by rat growth (1). RNPR is more economical and does 
not require complex statistical analyses of data as is neces
sary for the multi-dose assays (17).

As discussed above, rat growth methods for estimating 
protein quality have been extensively reviewed. Only 3 pre
vious collaborative studies comparing PER and NPR, how
ever, have been reported in the literature (4, 17, 18). The 
present investigation was undertaken to obtain more infor
mation on inter- and intra-laboratory variation in the deter
mination of PER, NPR, relative PER (RPER). RNPR, and 
NU. Six collaborating laboratories determined these 6 protein 
quality indices for 7 protein sources (which were recently 
tested in a collaborative amino acid study, 19), as well as 
their 10 supplementary or complementary mixtures.

Interlaboratory Study
Diets

Eighteen diets (casein, ANRC; minced beef, freeze dried 
and defatted; soya assay protein, SAP; pea flour; whole wheat 
flour, WW; rapeseed protein concentrate, RPC; egg white 
solids, EW; casein + 0.1% L-Met; SAP + 0.1% L-Met; pea 
flour + 0.1% L-Met; WW + 0.16% L-lysine; WW + casein; 
WW + beef; WW + SAP; WW + pea flour; WW + RPC; 
WW + EW; and N-free) were tested in this investigation.

Protein sources were prepared and analyzed for proximate 
composition at the organizing laboratory as reported previ
ously by Sarwar et al. (19). These data were used in comput
ing the composition of the experimental diets. Diet formulas 
(Table 1) and premixes (containing all ingredients except corn 
oil and corn starch) were given to each collaborator who 
prepared his own diets by adding required amounts of corn 
oil and corn starch (Table 1). Each protein source or mixture 
was added to provide 1.3% dietary nitrogen (or 8% protein, 
N x 6.25) except for diet 18. For mixtures, each protein 
source contributed 50% of the dietary protein. The protein 
source(s) and supplemental amino acids (0.1% L-methionine 
in diets 8, 9, and 10; 0.2% L-lysine HC1 in diet 11) were added 
at the expense of corn starch. The reference protein was 
casein with added L-methionine (1.184% of casein or 0.1 % of 
the diet). The diets contained 4.28-4.33 kcal metabolizable 
energy (ME)/g (ME was calculated by using the Atwater 
factors 4, 9, and 4 kcal/g for protein, fat, and available car
bohydrates, respectively).
Experimental Design

Each laboratory was asked to conduct a randomized com
plete block design, using 8 blocks of 18 rats. Blocking was 
by initial body weight, so that rats in the same block had 
essentially the same initial weight. Eighteen diets were assigned 
per block. Rats were randomly assigned to cages, and diets 
within a block were randomly assigned to rats.
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T a b le  1. C o m p o s it io n  (g/6 k g )  o f  d ie t s  u s e d  in  in t e r la b o r a t o r y  s t u d y 4'6

Diet
No. Casein

Minced
beef SAP“

Pea
flour WW" RPC" EW ' Cellulose

Corn
starch

1 533.9 60.0 4535.62 540.3 60.0 4529.23 539.6 60.0 4529.94 2036.5 19.2 3073.85 2840.2 0 2289.36 752.9 12.0 4364.67 599.0 60.0 4470.58 533.9 60.0 4529.69 539.6 60.0 4523.910 2036.5 19.2 3067.811 2840.2 0 2277.312 266.9 1420.1 30.0 3412.513 270.1 1420.1 30.0 3409.314 269.8 1420.1 30.0 3409.615 1018.3 1420.1 9.6 2681.516 1420.1 376.4 6.0 3327.017 1420.1 299.5 30.0 3379.918 60.0 5069.5
“Each diet contained 60.0, 210.0, 0.5, and 600.0 g vitamins (ref. 20), minerals (ref. 21), zinc oxide, and corn oil, respectively. Diets 8, 9, and 10 also 
contained 6.0 g supplemental L-methionine, and diet 11 contained 12.0 g supplemental L-lysine HCI.

“Diets were prepared by mixing all ingredients except corn oil and corn starch for 45 min in the Ottawa laboratory for distribution to collaborators. 
Then corn oil and corn starch (obtained locally) were added and all ingredients were mixed for 3C min in each laboratory.

“Soya assay protein.
"Whole wheat flour.
“Rapeseed protein concentrate.
'Egg white solids.

T a b le  2 . P ro te in  (N x 6 .2 5 )  c o n t e n t s  o f  d ie t s  (% )  fo r  6  p a r t ic ip a t in g  la b o r a t o r ie s "

Diet“ 1 2 3 4 5 6 Mean ± SEM
Casein 8.43 9.31 8.69 8.51 8.33 7.90 8.53 ± 0.19
Minced beef 8.15 8.53 8.88 8.40 8.50 7.60 8.34 ±0.18
SAP 8.15 8.70 8.81 8.49 8.69 8.00 8.47 ±0.13
Pea flour 8.33 8.55 8.51 8.42 8.28 8.20 8.38 ± 0.06
WW 8.34 8.69 8.13 8.35 8.46 8.00 8.33 ± 0.10
RPC 8.24 8.59 8.94 8.21 8.41 7.90 8.38 ± 0.15
EW 8.34 8.50 8.56 8.19 8.28 8.00 8.31 ± 0.08
Casein + Met 8.24 8.66 8.75 8.61 8.38 8.00 8.44 ± 0.12
SAP -  Met 8.34 9.05 9.13 8.33 8.42 7.90 8.53 ± 0.19
Pea flour + Met 8.43 8.35 8.63 8.16 8.39 8.20 8.36 ± 0.07
WW + Lys 8.61 8.66 8.44 8.51 8.56 8.00 8.46 ± 0.10
WW + casein 8.24 8.79 8.69 8.66 8.90 8.60 8.65 ± 0.09
WW + minced beef 8.15 8.62 8.94 8.40 8.44 7.60 8.36 ±0.19
WW -  SAP 8.24 8.68 9.25 8.22 8.33 7.70 8.40 ± 0.21
WW -  pea flour 8.15 8.40 8.88 8.27 8.25 7.70 8.28 ± 0.16
WW -  RPC 8.15 8.66 8.94 8.18 8.33 8.00 8.38 ± 0.15
WW -  EW 8.33 8.66 8.75 8.20 8.22 7.80 8.33 ± 0.14

“Diets were mixed and analyzed at each participating laboratory. 
“Abbreviations for protein sources are defined in Table 1.

Collaborators used 21-23-day-old male weanling rats. Lab
oratories 1, 2, and 6 used CD Sprague Dawley rats from the 
same supplier (Charles River Canada Inc., St. Constant, Qué
bec). Laboratories 3 and 4 obtained Sprague Dawley-derived 
rats from Simonsen Laboratories Inc., Gilroy, CA; and Har
lan Industries, Indianapolis, IN, respectively. Laboratory 5 
used CD Sprague Dawley rats supplied by Charles River 
Breeding Colony, Wilmington, MA. Rats were kept in stock 
cages and fed a commercial rat chow diet (ground) for 2 days. 
Rats were then distributed into groups of 8 having approxi
mately the same mean weights.

Animals were housed in individual screen-bottom cages at 
24-25=C and 40-50% humidity. Food and water were pro
vided ad libitum for 4 weeks (2 weeks for the N-free diet), 
during which time food consumption and weight gains were 
recorded. All indices studied were calculated from these data.
Calculations o f Protein Quality Indices

PER, RPER, NPR, RNPR, and NU calculations were made 
from the data from the same animals fed the test diets for 
either 2 weeks (NPR, RNPR, and NU) or 4 weeks (PER and 
RPER). Investigators analyzed their diets for nitrogen, and 
these values were used in calculating protein (N x 6.25)

intake. The 5 protein quality indices were calculated within 
each block. For each laboratory, protein quality indices for 
each diet were calculated by averaging within-block values 
over all blocks. PER. RPER, NPR. RNPR, and NU were 
calculated according to the following formulas:

PER = weight gain of test animal/protein
consumed by test animal

RPER = (PER of test animal/PER of reference animal)
x 100

NPR = (weight gain of test animal + weight loss of non
protein animal)/(protein consumed by test animal)

RNPR = (NPR of test animal/NPR of reference animal)
x 100

NU = [weight gain of test animal + 0.1 (initial
+ final weight)]/protein consumed by test animal

The maintenance factor, 0.1 (initial + final weight), used 
in calculating NU is usually similar in magnitude to the weight 
loss of the nonprotein group included in the NPR method. To 
facilitate comparability to NPR, the formula for NU was
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T a b le  3 . P E R  v a lu e s  ( ±  S E M )  f o r  6  p a r t ic ip a t in g  la b o r a t o r ie s *

Diet6 1 2 3 4 5 6
Casein 3.35 ± 0.07 2.86 ± 0.09 3.04 ± 0.07 2.91 ± 0.10 3.36 ±0.10 3.27 ±0.16
Minced beef 3.66 ± 0.06 3.38 ±0.12 3.21 ± 0.08 3.02 ± 0.04 3.50 ± 0.10 3.39 ± 0.13
SAP 1.92 ± 0.09 1.53 ± 0.18 1.54 ± 0.07 1.52 ± 0.06 1.66 ± 0.06 1.26 ± 0.02
Pea flour 1.98 ± 0.05 1.43 ± 0.08 1.77 ± 0.06 1.12 ± 0.06 1.64 ± 0.10 1.30 ± 0.07
WW 1.13 ± 0.06 0.82 ± 0.04 0.92 ± 0.09 0.95 ± 0.09 1.23 ± 0.11 0.71 ± 0.04
RPC 3.59 ± 0.07 3.32 ± 0,15 3.19 ± 0.06 2.95 ± 0.07 3.42 ± 0.13 3.28 ± 0.10
EW 3.97 ± 0.05 3.61 ± 0.12 3.65 ± 0.06 3.44 ± 0.09 3.85 ± 0.15 3.82 ± 0.08
Casein + Met 4.29 ± 0.05 4.10 ± 0.13 3.99 ± 0.05 3.49 ±0.11 4.32 ± 0.04 4.07 ± 0.09
SAP + Met 2.83 ± 0.04 2.71 ± 0.10 2.60 ± 0.08 2.31 ± 0.14 2.72 ± 0.05 2.13 ± 0.04
Pea flour + Met 3.26 ± 0.06 3.10 ± 0.09 2.79 ±0.11 2.60 ± 0.10 3.05 ± 0.04 2.79 ± 0.11
WW + Lys 2.16 ± 0.06 1.55 ± 0.12 1.59 ± 0.05 1.59 ± 0.08 1.95 ± 0.10 1.39 ± 0.10
WW + casein 3.44 ± 0.06 2.88 ±0.16 3.04 ± 0.07 2.60 ± 0.06 3.21 ± 0.08 2.97 ± 0.13
WW + minced beef 3.29 ± 0.07 2.96 ± 0.11 2.90 ± 0.06 2.58 ± 0.06 3.08 ± 0.07 3.12 ± 0.13
WW + SAP 2.46 ± 0.06 2.14 ± 0.13 2.05 ± 0.06 2.06 ± 0.05 2.41 ± 0.08 2.11 ± 0.12
WW + pea flour 2.62 ± 0.07 1.66 ± 0.16 2.41 ± 0.07 2.05 ± 0.07 2.29 ± 0.10 1.94 ± 0.09
WW + RPC 2.44 ± 0.07 2.01 ± 0.16 2.14 ± 0.06 1.95 ± 0.06 2.35 ± 0.11 1.80 ± 0.08
WW + EW 3.16 ± 0.07 2.84 ± 0.10 2.72 ± 0.07 2.71 ± 0.08 3.21 ± 0.08 2.67 ± 0.11

*W = 8 for laboratories 1,2, 4, 5; 9 for laboratory 3; 7 for laboratory 6.
“Abbreviations for protein sources are defined in Table 1.

T a b le  4 . R P E R  v a lu e s  (±  S E M )  fo r  6  p a r t ic ip a t in g  la b o r a t o r ie s *

Diet“ 1 2 3 4 5 6

Casein 70 ± 1 70 ± 2 76 ± 2 83 ± 2 78 ± 2 80 ± 2
Minced beef 85 ± 1 82 ± 1 81 ± 2 87 ± 2 81 ± 2 83 ± 3
SAP 45 ± 2 37 ± 3 38 ± 2 45 ± 1 38 ± 1 31 ± 1
Pea flour 47 ± 1 35 ± 2 44 ± 2 33 ± 1 38 ± 2 32 ± 1
WW 26 ± 1 20 ± 1 23 ± 2 27 ± 2 28 ± 2 17 ± 1
RPC 83 ± 2 81 ± 2 80 ± 2 85 ± 2 79 ± 2 81 ± 1
EW 91 ± 1 88 ± 2 90 ± 2 94 ± 2 89 ± 3 94 ± 2
Casein + Met 100 100 100 100 100 100
SAP + Met 66 ± 1 67 ± 4 66 ± 2 66 ± 2 63 ± 1 53 ± 1
Pea flour + Met 76 ± 1 73 ± 2 70 ± 3 74 ± 2 71 ± 1 69 ± 2
WW + Lys 50 ± 1 38 ± 2 40 ± 1 46 ± 1 45 ± 2 34 ± 2
WW + casein 80 ± 1 70 ± 2 76 ± 2 74 ± 2 74 ± 2 72 ± 2
WW + minced beef 77 ± 1 72 ± 2 73 ± 1 74 ± 1 71 ± 2 76 ± 2
WW + SAP 57 ± 1 52 ± 2 51 ± 1 59 ± 1 56 ± 2 52 ± 2
WW + pea flour 61 ± 1 40 ± 3 60 ± 1 59 ± 2 53 ± 2 48 ± 2
WW + RPC 57 ± 1 49 ± 3 54 ± 2 56 ± 2 54 ± 2 44 ± 1
WW + EW 73 ± 1 70 ± 2 68 ± 2 78 ± 1 74 ± 2 66 ± 3

*W = 8 for laboratories 1,2, 4, 5; 9 for laboratory 3; 7 for laboratory 6. 
“Abbreviations for prote n sources are defined In Table 1.

changed from the original definition (14) which is based on 
nitrogen consumed rather than protein consumed.
Statistical Methods

Analysis of variance was performed on PER, RPER, NPR, 
RNPR, and NU data. Estimates of reproducibility (interlabo
ratory variability) and repeatability (intralaboratory variabil
ity) were obtained by the Youden and Steiner method (22). 
Tests of significance were conducted at a = 0.01 unless 
otherwise specified. In all cases, it was necessary to partition 
the diets into 3 groups to circumvent significant diet by lab
oratory interactions (i.e., analyzing the 3 groups separately). 
Coefficients of variation (CV) were calculated according to 
the following formulas:

Within-laboratories CV
= (repeatability standard deviation/mean) x 100

Between-laboratories CV
= (reproducibility standard deviation/mean) x 100 

Results and Discussion
Table 2 gives protein contents of the diets, as determined 

by each collaborator In general, laboratory 6 had lower esti
mates whereas laboratories 2 and 3 appeared to have higher 
estimates than the average. However, the interlaboratory 
variation (estimated as between-laboratories CV) for the 
determination of protein was less than 3% in all cases.

Individual laboratory data for PER, RPER, NPR, RNPR, 
and NU are shown in Tables 3, 4, 5, 6, and 7, respectively.

In most cases, all 5 protein quality methods ranked the 
diets in the same order (Table 8), and positive correlations 
among the protein quality indices were highly significant (r 
= 0.98-1.00). In all diets, the NU values were similar to NPR 
values (Table 8). Unlike the PER method, the NPR and NU 
methods credit protein used for both growth and mainte
nance. Therefore, the NPR or NU values of all diets were 
higher than their PER values (Table 8). The RNPR values of 
all diets were higher than their RPER values. These differ
ences were especially marked in the case of diets containing 
poor quality protein such as wheat flour.

Before conducting analyses of variance, the data (Tables
3-7) were edited to obtain statistical balance. This editing 
was required because laboratory 6 produced results for only 
7 blocks. From each of laboratories 1, 2, 4. and 5, one block 
of results was removed. Two blocks were removed from 
laboratory 3 (results were produced for 9 blocks). In each 
case, the block removed was selected so that the blocks 
remaining were as alike as possible with respect to mean 
initial body weight. Hence, blocks with atypically high or low 
initial body weights were deleted to minimize differences 
among laboratories attributable to initial body weight extremes.

The initial analyses of variance showed highly significant 
laboratory by diet interactions for all indices (P < 0.001 for 
PER, RPER, RNPR, and NU, and P = 0.0023 for NPR). 
Similar highly significant interactions for PER and NPR have 
been reported (23-25). Possible causes of these interactions 
in the present study are: (7) Diet preparation: Each laboratory 
prepared its own set of diets, mixing some centrally distrib-
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T a b le  5 . N P R  v a lu e s  ( ±  S E M )  f o r  6  p a r t ic ip a t in g  la b o r a t o r ie s *

Diet6 1 2 3 4 5 6

Casein 4.60 ± 0.09 4.53 ± 0.16 4.70 ± 0.11 4.08 ± 0.10 4.78 ± 0.08 4.75 + 0.23
Minced beef 5.08 ± 0.07 4.78 ± 0.13 4.69 ±0.13 4.46 ± 0.10 4.78 ± 0.08 5.11 + 0.09
SAP 2.96 ±0.15 2.63 ±0.12 2.63 ± 0.07 2.76 ±0.12 2.83 ± 0.09 2.72 + 0.06
Pea flour 3.10 ± 0.10 2.95 ± 0.17 2.94 ± 0.09 2.62 ± 0.06 2.84 ±0.17 2.92 + 0.12
WW 2.40 ± 0.04 2.17 ± 0.08 2.36 ± 0.07 2.23 ± 0.11 2.44 ± 0.09 2.52 + 0.15
RPC 4.76 ± 0.07 4.71 ± 0.13 4.37 ± 0.11 4.28 ± 0.13 4.61 ± 0.07 4.89 ± 0.15
EW 5.20 ± 0.06 5.09 ± 0.14 5.05 ± 0.08 4.67 ±0.11 5.28 ±0.10 5.31 + 0.12
Casein + Met 5.34 ± 0.08 5.36 ±0.12 5.20 ± 0.13 4.84 ± 0.10 5.64 ± 0.09 5.60 ± 1,0
SAP + Met 3.97 ±0.10 3.72 ± 0.15 3.49 ± 0.08 3.34 ± 0.12 3.89 ± 0.21 3.79 + 0.12
Pea flour + Met 4.51 ± 0.06 4.56 ± 0.15 3.98 ± 0.20 4.01 ± 0.13 4.38 ± 0.06 4.66 ± 0.13
WW + Lys 3.05 ± 0.08 3.02 ± 0.14 2.74 ± 0.05 2.60 ± 0.15 3.15 ± 0.17 2.94 ±0.10
WW + casein 4.56 ± 0.08 4.18 ± 0.22 4.17 ± 0.14 3.70 ±0.10 4.32 ± 0.09 4.37 + 0.11
WW + minced beef 4.47 ± 0.09 4.21 ± 0.14 4.06 ± 0.09 3.67 ± 0.07 4.23 ± 0.05 4.50 ± 0.23
WW + SAP 3.48 ± 0.09 3.31 ± 0.16 3.12 ± 0.08 3.08 ± 0.13 3.58 ± 0.15 3.74 ±0.18
WW + pea flour 3.88 ± 0.05 3.30 ± 0.06 3.60 ± 0.13 3.22 ± 0.11 3.49 ± 0.09 3.57 ± 0.07
WW + RPC 3.53 ± 0.09 3.19 ± 0.16 3.15 ± 0.13 3.28 ± 0.08 3.58 ± 0.09 3.51 ± 0.14
WW + EW 4.20 ± 0.08 4.12 ± 0.10 3.70 ± 0.09 4.11 ± 0.11 4.23 ± 0.10 4.26 ±0.17

aN  =  8 for laboratories 1,2 , 4, 5; 9 for laboratory 3; 7 for laboratory 6.
^Abbreviations for protein sources are defined in Table 1.

T a b le  6 . R N P R  v a lu e s  (±  S E M )  fo r  6  p a r t ic ip a t in g  la b o r a t o r ie s *

Diet6 1 2 3 4 5 6

Casein 86 ± 1 85 ± 2 90 ± 2 85 ± 1 85 ± 2 85 ± 3
Minced beef 95 ± 1 89 ± 2 90 ± 2 93 ± 1 85 ± 1 91 ± 2
SAP 55 ± 2 49 ± 2 50 ± 1 56 ± 2 50 ± 2 49 ± 1
Pea flour 58 ± 1 55 ± 2 56 ± 2 54 ± 1 50 ± 2 52 + 2
WW 46 ± 1 41 ± 2 45 ± 2 46 ± 1 43 ± 1 45 + 2
RPC 90 ± 2 88 ± 2 84 ± 2 89 ± 1 81 ± 1 87 ± 2
EW 96 ± 1 95 ± 1 97 ± 2 96 ± 2 94 ± 1 95 ± 2
Casein + Met 100 100 100 100 100 100
SAP + Met 74 ± 2 70 ± 3 68 ± 2 70 ± 1 67 ± 2 69 ± 1
Pea flour + Met 85 ± 1 85 ± 2 76 ± 2 82 ± 2 78 ± 1 83 ± 2
WW + Lys 58 ± 1 56 ± 2 53 ± 1 55 ± 1 56 ± 3 53 ± 3
WW + casein 84 ± 1 78 ± 2 80 ± 1 76 ± 1 76 ± 1 78 ± 1
WW + minced beef 84 ± 1 78 ± 2 78 ± 2 76 ± 1 75 ± 1 80 ± 3
WW + SAP 65 ± 1 63 ± 2 60 ± 1 64 ± 2 64 ± 2 67 ± 2
WW + pea flour 72 ± 1 61 ± 1 69 ± 2 67 ± 2 62 ± 1 64 ± 2
WW + RPC 66 ± 1 59 ± 2 60 ± 2 68 ± 2 64 ± 2 63 ± 2
WW + EW 79 ± 1 77 ± 1 72 ± 2 85 ± 2 75 ± 1 76 ± 2

aN  = 8 for laboratories 1,2, 4, 5; 9 for laboratory 3; 7 for laboratory 6. 
"Abbreviations for protein sources are defined in Table 1.

uted key ingredients with other ingredients (such as corn oil 
and com starch) obtained locally. Variations in locally obtained 
ingredients together with variations in mixing may be respon
sible for diet by laboratory interactions. (2) Experimental 
error: The true experimental error could not be estimated 
because the experiment was not replicated within laborato
ries. The protein quality indices being studied are tradition
ally measured from a group (or groups) of rats. It is clear that 
none of these indices would normally be based on individual 
block responses. However, to obtain some measure of within- 
laboratory variability, it was necessary to use individual block 
responses. This lack of true replication fundamentally results 
in an underestimate of the experimental error and may result 
in an underestimate of repeatability. This may increase the 
chances of a false declaration of significant interactions. (3) 
Nitrogen analyses: Each laboratory analyzed nitrogen con
tent of each diet. Variations in these analyses could result in 
significant interactions. (4) Protein quality: From a visual 
inspection of graphs showing each laboratory’s response over 
all diets, it was apparent that the responses followed 3 general 
patterns. These patterns correspond to diets of “ high” pro
tein quality (casein, minced beef, RPC, EW, casein + Met, 
pea flour + Met, WW + casein, WW + minced beef, and 
WW + EW diets), “ medium” protein quality (SAP + Met, 
WW + SAP, WW + pea flour, and WW + RPC diets), and 
“ low” protein quality (SAP, pea flour, WW, and WW + Lys 
diets). Further investigation of these patterns was done by 
repeating analyses of variance on each subgroup of diets.

Statistical tests generally confirmed the absence of interac
tions.

Tables 9, 10, and 11 give estimates of repeatability and 
reproducibility and coefficients of variation (CV) for the high, 
medium, and poor protein quality diets respectively. These 
estimates apply to responses which have been averaged over 
8 individual values. Repeatability estimates may be seriously 
underestimated because true within-laboratory replication did 
not exist in the experimental design. In general, reproduci
bility estimates were about twice as large as those for repeat
ability.

In high quality diets, the between-laboratories CV values 
for RNPR (3.9%) and RPER (4.2%) were lower than those 
for other protein quality indices (6.1-7.7%, Table 9). Within- 
laboratories CV values for all the indices were less than 3% 
(2.0-2.8%, Table 9).

In medium quality diets, the between-laboratories CV val
ues for PER (11.1%) and RPER (10.2%) were higher than 
those for other protein quality indices (4.5-7.5%, Table 10). 
The within-laboratories CV values for all the protein quality 
indices were not more than 4% (2.7-4.0%, Table 10). RNPR 
had the lowest between- and within-laboratories CV values.

In poor quality diets, the between-laboratories CV values 
for PER and RPER were about 3 times higher than those for 
RNPR and NPR. while NU occupied an intermediate position 
in terms of between-laboratories CV (Table 11). Within-lab
oratories C V values for PER and RPER were also higher than 
for other protein quality indices.
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T a b le  7 . N U  v a lu e s  ( ±  S E M )  fo r  6  p a r t ic ip a t in g  la b o r a t o r ie s *

Diet“ 1 2 3 4 5 6

Casein 4.89 ± 0.10 4.94 ± 0.17 5.08 ± 0.10 4.21 ± 0.13 5.13 ± 0.16 4.83 ± 0.24
Minced beef 5.47 ± 0.08 5.22 ± 0.15 5.08 ± 0.12 4.58 ± 0.10 5.14 ± 0.10 5.32 ± 0.09
SAP 3.05 ± 0.16 2.85 0.14 2.80 + 0.07 2.70 0.11 2.96 ± 0.08 2.43 ± 0.09
Pea flour 3.13 ± 0.10 3.21 ± 0.12 3.12 ± 0.07 2.44 ± 0.08 2.88 ± 0.14 2.56 ± 0.15
WW 2.34 ± 0.08 2.28 ± 0.08 2.52 ± 0.07 2.01 ± 0.14 2.50 0.10 2.18 ± 0.11
RPC 5.10 ± 0.09 5.10 ± 0.12 4.75 ± 0.10 4.40 0.15 4.98 ± 0.08 5.10 ± 0.17
EW 5.60 ± 0.06 5.54 ■± 0.14 5.49 0.06 4.87 ± 0.13 5.68 ± 0.09 5.55 ± 0.10
Casein + Met 5.74 ± 0.07 5.85 ± 0.16 5.65 ± 0.13 4.92 ± 0.15 6.09 ± 0.10 5.87 + 0.11
SAP + Met 4.25 ± 0.10 4.04 ± 0.16 3.69 ± 0.06 3.34 ± 0.17 3.96 ± 0.17 3.77 ± 0.10
Pea flour + Met 4.82 ± 0.05 4.96 ± 0.09 4.28 ± 0.20 4.10 ± 0.17 4.71 ■± 0.05 4.72 ± 0.12
WW + Lys 3.13 ± 0.10 3.29 ± 0.10 2.88 ± 0.06 2.55 0.07 3.31 0.15 2.77 ± 0.17
WW + casein 4.90 ± 0.08 4.41 ± 0.26 4.50 0.12 3.79 0.10 4.64 ± 0.10 4.51 ± 0.14
WW + minced beef 4.80 ± 0.09 4.64 ± 0.17 4.39 ± 0.09 3.71 ± 0.08 4.53 ± 0.03 4.54 ± 0.21
WW + SAP 3.67 ± 0.09 3.61 ± 0.20 3.33 ± 0.08 3.08 0.18 3.82 ± 0.13 3.71 ± 0.20
WW + pea flour 3.97 ± 0.12 3.43 0.13 3.84 ± 0.11 3.21 ± 0.12 3.68 0.12 3.40 ± 0.07
WW + RPC 3.71 ± 0.10 3.47 ± 0.19 3.39 ± 0.11 3.30 ± 0.07 3.78 ± 0.13 3.44 ± 0.14
WW + EW 4.49 ± 0.11 4.49 ± 0.11 4.11 ± 0.08 4.21 ± 0.12 4.53 ± 0.13 4.28 ± 0.17

•N  =  8 for laboratories 1, 2, 4, 5; 9 for laboratory 3; 7 for laboratory 6.
“Abbreviations for protein sources are defined in Table 1

T a b le  8 . R a n k in g  o f  d ie t s  b y  d if fe re n t  p ro te in  q u a l it y  in d ic e s '

Diet“ PER NPR NU RPER RNPR

Casein + Met 4.04 5.30 5.68 100 100
Egg white solids 3.71 5.08 5.43 91 95
Minced beef 3.36 4.83 5.16 83 91
RPC 3.29 4.59 4.90 81 87
Casein 3.13 4.55 4.83 78 86
Pea flour + Met 2.91 4.33 4.59 72 81
WW + casein 3.01 4.20 4.47 74 79
WW + beef 2.97 4.16 4.41 73 79
WW + EW 2.90 4.09 4.36 72 77
SAP + Met 2.55 3.72 3.87 64 70
WW + pea flour 2.18 3.50 3.60 54 66
WW + SAP 2.21 3.37 3.53 55 64
WW + RPC 2.08 3.34 3.49 51 S3
WW + Lys 1.70 2.91 2.98 42 55
Pea flour 1.56 2.88 2.89 39 54
SAP 1.60 2.74 2.79 39 51
WW 0.95 2.35 2.29 23 44

"Mean of 6 collaborating laboratories.
“Abbreviations for protein sources are defined in Table 1.

T a b le  9 . E s t im a t e s  o f  r e p e a t a b i l it y  a n d  r e p r o d u c ib i l i t y  a n d  c o e f f ic ie n t s  o f v a r ia t io n  fo r  t h e  “ h ig h ' ’ p r o t e in  q u a l it y  d ie t s *

Index Mean Repeatability“ Reproducibility“
Within-

labs

CV, %“

Between-
labs

PER 3 .2 6 0 .0 9 0 .2 5 2 .8 7 .7
RPER 7 8 .0 0 1 .9 2 3 .2 9 2 .5 4 .2
NPR 4 .5 7 0 .1 2 0 .2 8 2 .6 6 .'
RNPR 8 4 .0 0 1 .6 7 3 .2 6 2 .0 3 .9
NU 4 .8 7 0 .1 3 0 .3 3 2 .7 6 .6

“Refers to diets with protein quality similar to diets 1,2. 6, 7 ,8, 10, 12, 13, and 17 of this experiment.
“Repeatability estimates the standard deviation applicable to the average of 8 individual responses of a randomly chosen diet with a selected 
laboratory.

“Reproducibility estimates the standard deviation applicable to the average of 8 individual responses of a randomly chosen diet analyzed by a 
randomly chosen laboratory.

“Within-laboratories CV [(repeatability standard deviation/mean) x 100) values are applicable to the average of 8 individual responses of a randomly 
chosen diet within a selected laboratory.
Between-laboratories CV [(reproducibility standard deviation/mean) x 100] values are applicable to the average of 8 individual responses of a 
randomly chosen diet analyzed by a randomly chosen laboratory.

In general, RNPR and NPR seemed to be the least variable 
over laboratories (Tables 9-11). PER and RPER varied the 
most across laboratories, and the variation increased as pro
tein quality decreased.

The lower precision of the PER method than the NPR or 
RNPR method noted in this investigation was in agreement 
with a recent report (17). McLaughlan et al. (17) reported 
that PER values of casein + Met, egg white, wheat gluten, 
SAP, and wheat gluten + SAP diets were more variable (CV 
= 16.1-54.3%) than their NPR values (CV = 10.4-16.8%)

which varied more than RNPR (CV = 7.6-13.0%) or RNU 
(CV = 7.6-13.6%) values. McLaughlan et al. (17) had rec
ommended the use of ANRC casein or casein + Met as the 
reference diet in protein quality evaluations. In our study, 
casein + Met diet (which was used as the standard) gave the 
highest protein quality results and appeared to be of uniform 
nutritional quality (Tables 3-7).

Hackler et al. (24) and Happich et al. (25) have recently 
reported the results of the AACC/ASTM collaborative study 
on PER and NPR, respectively. Standard deviations for
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T a b le  1 0 . E s t im a t e s  o f  r e p e a t a b i l it y  a n d  r e p r o d u c ib i l i t y  a n d  c o e f f ic ie n t s  o f  v a r ia t io n  f o r  t h e  “ m e d iu m ”  p r o t e in  q u a l it y  d ie t s *

Index Mean Repeatability6 Reproducibility“
Within-

labs

CV, % d

Between-
labs

PER 2.26 0.09 0.25 4.0 11.1
RPER 56.00 2.00 5.72 3.6 10.2
NPR 3.48 0.12 0.24 3.4 7.0
RNPR 66.00 1.77 2.93 2.7 4.5
NU 3.62 0.13 0.27 3.6 7.5

“Refers to diets with protein quality similar to diets 9, 14, 15, and 16 of this experiment. 
M See footnotes b-d, Table 9.

T a b le  1 1 . E s t im a t e s  o f  r e p e a t a b i l it y  a n d  r e p r o d u c ib i l i t y  a n d  c o e f f ic ie n t s  o f  v a r ia t io n  fo r  t h e  “ p o o r ”  p r o t e in  q u a l it y  d ie t s *

Index Mean Repeatability6 Reproducibility“
Within-

labs

CV, %a

Between-
labs

PER 1.45 0.08 0.25 5.5 17.2
RPER 36.00 1.87 5.37 5.2 14.9
NPR 2.72 0.11 0.14 4.0 5.1
RNPR 51.00 1.64 2.42 3.2 4.7
NU 2.73 0.11 0.26 4.0 9.5

“Refers to diets with protein quality similar to diets 3, 4, 5, and 11 of this experiment. 
“““See footnotes b-d, Table 9.

repeatability and reproducibility (calculated over 7 labora
tories, five 10% protein diets, and 3 adaptation periods; 0, 2, 
and 4 days) for PER (4-week) were 0.16 and 0.30, respectively
(24). Adjusting the PER data to casein = 2.5 resulted in 
improved reproducibility (standard deviation = 0.19). Inter- 
and intralaboratory variations (measured as CV) for the 
determination of the 14-day NPR (calculated over 7 labora
tories, five 10% protein diets and 3 adaptation periods) were
13.2 and 7.7%, respectively (25). Adjustment of the NPR data 
to RNPR (ANRC casein = 100) reduced the interlaboratory 
variation to 9.2% but had little effect on the intralaboratory 
variation (8.0%). Happich et al. (25) recommended the accep
tance of the NPR method (with 5 specifications) as official 
first action as an alternative method to the PER assay. The 
specifications for the NPR method were (/) 1.6% dietary 
nitrogen; (2) 14-day feeding periods; (3) 2-day adaptation 
period; (4) use of ANRC casein as the reference protein; and
(5) expression of NPR as RNPR (25).

On the basis of results of this investigation (Tables 8-11) 
and the study of McLaughlan et al. (17), RNPR is recom
mended as the most suitable rat growth method for evaluating 
protein quality of foods. The adoption of the NPR method as 
an acceptable method for evaluating protein quality of foods 
for regulatory purposes is under serious consideration by the 
Canadian Health Protection Branch.
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Quantitative Gas Chromatographic Headspace Determination of Choline in Adult and Infant 
Formula Products
JANICE R. SAUCERMAN, CHARLES E. WINSTEAD, and TOM M. JONES 
M ead Johnson and Co., 2404 Pennsylvania Ave, Evansville, IN  47721

A gas chromatographic headspace method has been developed for the 
determination of cholne in liquid and powder formula products. Cho
line undergoes the Hofmann elimination reaction during a 24 h, 120°C 
alkaline digestion. Volatile trimethylamine (TMA) is produced and 
equilibrates between the liquid and vapor phase (headspace). A 50 pL 
headspace sample is chromatographed on a 28% Pennwalt 223-4% 
KOH column, with flame ionization detection. Choline is indirectly 
quantitated by comparing sample TMA peaks with peaks for a refer
ence standard. Ethyl ether is used as an internal standard. Compared 
with previous methods, this procedure offers improved precision (7.7— 
9.6% relative standard deviation (RSD)), accuracy, and specificity of 
both free and bound forms of choline. Estimated analysis rate using 
manual injection is 160 samples/week, requiring 35 work-hours. Auto
mation of this procedure, using a commercially available headspace 
analyzer, resulted in £ further improvement in precision (1.60-6.91% 
RSD) and a throughput of 400 samples/week.

Choline, (p-hydroxyethyl)trimethylammonium hydroxide 
(Figure 1), appears to be universally synthesized in the animal 
body. It is, however, considered a dietary essential because 
the demand for choline can surpass the body’s capacity for 
de novo synthesis. As described by Wilson and Lorenz (1), 
3 functions for choline in the body have been established: 
Choline is a substrate for the synthesis of the neurotransmit
ter acetylcholine, i: is a source of labile methyl groups, and 
it is an essential component of phospholipids. As a compo
nent of phospholipids, choline plays a crucial role in main
taining cellular membrane structure and cellular permeabil
ity, and in transporting fat in the bloodstream.

In formula products, choline exists in free and/or bound 
(lecithin phosphatidyl choline) forms and is chemically des
ignated a quaternary amine. The most widely used method 
for the quantitative determination of both forms involves 
multiple extraction and hydrolysis steps designed to isolate 
choline from the sample matrix, followed by analyte com- 
plexation with Reineckate reagent, and quantitation by spec
trophotometry (2). This time-consuming method lacks pre
cision, specificity, and accuracy, and often requires numer
ous repeat analyses to achieve reproducible results.

This report describes a simple, relatively fast method for 
determining both free and bound choline in a complex matrix, 
using a gas chromatography (GC)-headspace technique. The 
procedure requires an initial 24 h, 120°C alkaline digestion of 
formula in a sealed glass vial, as described by Garavelli (3). 
During digestion, choline undergoes the Hofmann elimination 
reaction shown in Figure 2 (4). On completion, the quaternary 
ammonium ion is cleaved from choline with the production 
of 1 mole of volatile trimethylamine (TMA) for each mole of 
reactant choline.

The quantitatively produced TMA equilibrates between the 
liquid and vapor phases (headspace) (5, 6). When equilibra
tion is complete, the gaseous headspace is sampled and ana
lyzed for TMA by gas chromatography, with final TMA 
detection by flame ionization.

To eliminate possible sample matrix interferences, a stan
dard addition procedure is used for quantitation (5). The 
choline concentration is determined indirectly by simple

Received August 26, 1983. Accepted January 30. 1984.

comparison of sample-produced TMA against TMA pro
duced from a choline chloride-spiked reference standard. 
Ethyl ether is used as an internal standard.

The chromatographic system was automated by using a 
commercially available headspace analyzer, essentially a gas 
chromatograph fitted with a headspace autosampler. Minor 
modifications were made in the procedure to study the use 
of the automated method for analysis of other formula prod
ucts, including powders.

METHOD 
Manual Injection

Apparatus
(a) H e a d s p a c e  s a m p le  v ia ls .—30 mL glass vials No. 0105- 

0129 (Perkin Elmer, Norwalk, CT 06856).
(b) S e p t a —  Gray butyl, No. 13050 (Pierce Chemical Co., 

Rockford, IL 61105) or equivalent.
(c) S e a ls .— Aluminum 20 mm, No. 13214 (Pierce Chemical 

Co.) or equivalent.
(d) S y r in g e .—100 g.L pressure-lock series gas syringe 

(Precision Sampling Corp., Baton Rouge, LA 70815) or 
equivalent.

(e) F o r c e d  a ir  oven.—Isotemp oven, Series 400 (Fisher 
Scientific Co., Pittsburgh, PA 15219) or equivalent.

(f) G a s  c h ro m a to g ra p h .—Hewlett-Packard Model 5840 with 
flame ionization detector (Hewlett-Packard, Avondale, PA 
19311) or equivalent. Operating conditions: temperatures (3C)— 
injection port 150; oven (isothermal) 60: detector 200 Gas 
flows (mL/min)—helium carrier 25: hydrogen 30; air 200.

(g) C h r o m a to g r a p h ic  c o lu m n .—Coiled 6 ft x 2 mm id 
glass, packed with 28% Pennwalt 223 + 4%> KOH on 80-100 
mesh Gas-Chrom R (Applied Science Laboratories, Inc., State 
College, PA 16801) or equivalent.
Reagents

(a) C h o lin e  c h lo r id e .— 99 + % Gold Label. 23,994-1 (Aid- 
rich Chemical Co., PO Box 355, Milwaukee. WI 53201) or 
equivalent.

(b) C h o lin e  c h lo r id e  s to c k  s o lu tio n .—11.5 or 10.0 mg/mL 
of choline free base. Dry ca 1 g choline chloride in a vacuum 
oven at 60°C for 12 h, and then store in a desiccator. Accu
rately weigh, as quickly as possible, ca 576 mg of the previ
ously dried choline chloride into a preweighed beaker. (Note: 
The choline chloride reference standard is hygroscopic and 
must be weighed within 5 min after removing from desicca
tor.) Quantitatively transfer weighed sample with water into 
a 50 mL volumetric flask and dilute to volume with water. 
Calculate exact weight of choline free base by following equa
tion:

Choline, mg/mL =
fmg choline chloride x 121.18 (MW choline)]

/[ 139.63 (MW choline chloride) x  50.0 mL]
A 576.0 mg choline chloride sample is equivalent to 500 mg 

choline free base or 10.0 mg/mL. Prepare solution fresh weekly 
and store in refrigerator.
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(CH3)3= N - C H 2-C H 2-O H  + OH-  
F ig u r e  1 . (p - H y d r o x y e t h y l) t r im e th y la m m o n iu m  h y d ro x id e .

H-c-c- 0H~heat«~ xc = c/ +  r3n  +  h2oI I  /  \
0NR3 Alkene 3° amine

Quaternary 
ammonium ion

F ig u r e  2 . H o fm a n n  e l im in a t io n  r e a c t io n .

(c) Ethyl ether internal standard.—By syringe, add 0.3 mL 
ethyl ether to 5 mL water in a 10 mL volumetric flask. Dilute 
mixture to volume with water. Prepare fresh daily.
Preparation o f  Sample, Standard Addition Reference, and 
Blank

Sample.—Mix sample thoroughly by shaking. Let bubbles 
dissipate and by syringe add 10 mL sample to 30 mL glass 
vial containing 5 ± 0.5 g KOH. Using microsyringe, add 6 
p,L prepared internal standard to the liquid, with syringe 
needle submerged. Cap vial with septum, seal immediately, 
and shake vial until KOH dissolves. Place vial in 120°C air 
oven and let solution digest 24 h. After digestion, let samples 
cool and equilibrate >  2 h.

Standard addition reference.—Using microsyringe, add 150 
p.L choline chloride stock solution to 3 additional vials con
taining 10 mL sample and 5 g KOH. Proceed as for headspace 
sample, beginning “ Using a microsyringe. . . .” Digest stan
dard addition reference simultaneously with sample.

Blank.—Pipet 10 mL water into 30 mL vial containing 5 g 
KOH. Proceed as for headspace sample, beginning “ Using 
microsyringe. . . . ”

Headspace Analysis

Use same headspace analysis procedure on blank, standard 
addition references, and samples. After cooling and equili
bration, pierce vial septum with the 100 p.L gas syringe. Flush 
syringe once with gaseous headspace, then draw a 50 p-L 
volume. Inject volume into gas chromatograph. Retention 
times for TMA and ether internal standard are ca 2.40 and 
4.70 min, respectively.

System suitability check.—Check system reproducibility 
by analyzing 10 replicate 50 p,L injections of prepared stan
dard addition reference. Relative standard deviation for peak 
response factors (TMA peak area/intemal standard peak area) 
of 10 injections should be <  5%. Figure 3 shows a typical 
chromatogram.

Determination o f choline.—After completing acceptable 
system suitability check, make duplicate headspace injec
tions of prepared solutions in following sequence: blank injec
tion, standard addition references, and sample. Additional 
samples may be prepared and analyzed simultaneously. A 
set of standard addition references must be prepared for each 
formula composition to eliminate matrix effects (i.e., Pro- 
Sobee vs Enfamil). Obtain choline concentration by compar
ing duplicate injection average peak area response factor (RF) 
of samples against average RF standard addition references. 
Perform blank analysis to ensure that no interfering peaks 
are present in the specific retention windows for TMA and 
internal standard ethyl ether.

Calculation.—Use averaged RF values to calculate choline 
concentration as follows:

1

to
F ig u r e  3 . G a s  c h r o m a t o g r a m  o f  5 0  n L  h e a d s p a c e  s a m p le  f ro m  E n fa m il  
s p ik e d  w ith  1 .5  m g  c h o l in e / m L :  1 , t r im e t h y la m in e  2 .4 4  m in ; 2 , e th y l e th e r  

in t e r n a l s t a n d a r d  4 .7 2  m in .

Choline, mg/qt =
[sample RF/(std addn ref. RF -  sample RF)]

x 0.15 mg/mL x 947 mL/qt
Modifications for Automated Analysis

Apparatus

Headspace analyzer.—Perkin-Elmer Model F-45 with flame 
ionization detector.
Procedure

(a) Liquid samples.—Add 5 mL sample to 10 mL 50% 
NaOH (w/v) in 30 mL headspace sample vial. Add 8 p,L ethyl 
ether internal standard solution and 100 |xL choline chloride 
stock solution (for standard addition reference). Carry out 
digestion and analysis as for manual method. Calculate cho
line concentration as follows:

Choline, mg/qt =
[sample RF/(std addn ref. RF -  sample RF)]

x 0.067 mg/mL x 3 x 947
( b )  Powder samples.—Mix 0.500 g sample with 5 mL water 

in 30 mL headspace sample vial and add 10 mL 50% NaOH 
(w/v). Add 8 p,L ethyl ether internal standard solution and 
100 p,L choline chloride stock solution (for standard addition 
reference). Carry out digestion and analysis as for manual 
method. Calculate choline concentration as follows:

Choline, mg/g =
{[sample RF/(std addn ref. RF -  sample RF)]

x 0.067 mg/mL x 15}/0.500 g sample
Results and Discussion 

Manual Headspace Analysis

The initial method development program for the determi
nation of choline in liquid infant formula products was designed 
to demonstrate specificity, linearity of detector response, 
precision, recovery, and applicability.

Specificity, or the effectiveness of the method to selectively 
measure an analyte in the presence of potentially interfering 
substances, was demonstrated by comparing headspace 
chromatograms of liquid formula digested with KOH and



984 SAUCERMAN ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 67, NO. 5, 1984)

F ig u r e  4 . G C / M S  to ta l io n  c h r o m a t o g r a m  o f  E n fa m il .  T r im e t h y la m in e  
p e a k  a t  2 .8  m in .

without KOH (no TMA produced). No significant interfering 
peaks were produced by the sample matrix at retention times 
specific for TMA or ether internal standard. Comparison of 
samples analyzed with and without the addition of choline 
chloride showed appropriate spike increases in TMA peak 
size, again demonstrating specificity.

Specificity was also shown by identifying the TMA pro
duced from a digested Enfamil sample by using gas chroma- 
tography/mass spectroscopy (Figures 4 and 5). This was 
accomplished by comparing mass spectral results on samples 
against results for a standard solution of 28% TMA-water.

Linearity of detector response was shown by analyzing 
standard addition Enfamil samples spiked with concentra
tions of 0.02, 0.05, 0.10, 0.15, and 0.20 mg/mL of choline free 
base. Linear regression analysis provided a correlation coef
ficient of 0.993, slope of 7.80/0.01 unit, and y-intercept of 
0.994. Prosobee samples spiked at 0.02,0.05,0.10,0.15, 0.20, 
and 0.25 mg/mL provided a correlation coefficient of 0.993, 
slope of 3.66/0.01 unit, and v-intercept of 0.57. The minimum 
detectable level was defined as the lowest level on the lin
earity graph or 18.9 ng/qt in liquid formula.

Precision studies, designed to determine the ability of the 
procedure to yield the same results for a series of replicate 
determinations, included method and system reproducibility. 
System reproducibility was determined by performing GC 
analyses on 10 replicate 50 p.L injections of the headspace 
from a single digested standard addition reference. Results 
showed a system reproducibility of 3.21% RSD.

Method reproducibility was determined for both Enfamil 
and ProSobee by analysis of 10 replicate 10 mL aliquots from 
a single can of each product. Individual results for Enfamil 
ranged from 113.6 to 146.8 mg choline/qt, with a standard 
deviation (SD) of 12.17, and RSD of 9.59%. Individual results 
for ProSobee ranged from 145.8 to 184.7 mg/qt (SD, 12.97; 
RSD. 7.70%).

Recovery studies were performed to determine the proper 
digestion time for maximum TMA production and thus for 
choline recovery. Spiked Enfamil and Prosobee samples were 
analyzed along with appropriate choline-water standards after

Trimethylamine

F ig u r e  5 . M a s s  s p e c t r u m  o f  t r im e t h y la m in e  in  E n fa m il .

digestion times of 16, 22-24, and 48 h. Data indicate that 22- 
24 h is the optimum digestion time for maximum recovery.

A separate study was conducted to examine the possibility 
of a positive bias resulting from the presence of other qua- 
ternary-N compounds in liquid infant formula. Based on non
fat milk and demineralized whey formulations, carnitine (a- 
aminobutyric-p-hydroxy acid) may be present at levels up to 
80 nM/mL in Enfamil (7). The study compared a GC-head- 
space analysis of Enfamil spiked with the equivalent of 80 
nM carnitine/mL in unspiked Enfamil. Average choline levels 
were 89 and 86 mg/mL in spiked and unspiked samples, 
respectively. These levels are essentially the same when 
expected method error is considered, therefore indicating no 
contribution from carnitine.

Applicability of the system was shown by analyzing 9-10 
different batches of each infant formula. All results conform 
to product expectations: For 9 Enfamil samples, results were 
134.8, 146.8, 169.8, 153.2, 172.9, 164.1, 155.6, 155.9, and
118.1 mg choline/qt. Results on the 10 ProSobee samples 
analyzed were 164.9, 166.4, 186.7, 198.3, 191.5, 175.2, 176.4, 
185.2, 185.6, and 170.1 mg choline/qt.

The simplicity of the manual method and ease of sample 
preparation allow a throughput of 160 samples/week, requir
ing only 35 work-hours.

Automated Headspace Analysis

The method was automated by using a headspace autosam
pler. The manual procedure was modified as described in 
Method to increase the speed and reliability of the automated 
analysis and to extend the use of the method to other formula 
products, including powders.

Automated system precision was evaluated by preparing a 
standard aqueous solution of TMA and ethyl ether at approx
imately equal concentrations. Ten vials of the standard were 
prepared, allowed to equilibrate at 40°C in the autosampler, 
and analyzed on the headspace analyzer. The relative stan
dard deviation of the peak response factors was 1.80%.

The linearity of the FID response was evaluated by ana
lyzing 8 sample types: Enfamil (whey-casein based infant 
formula in 20 Kcal/oz and 40 Kcal/oz concentrations), ProSobee 
(soy-based infant formula also in ready-to-use and concen
trated preparations), Isocal (complete soy-based liquid diet), 
Sustacal (flavored liquid diet), Enfalac Powder (whey-casein 
based infant formula in powdered form), and ProSobee Pow
der (soy-based powdered infant formula). In each case, a 
series of samples was prepared as outlined in the method and 
spiked with increasing levels of choline chloride. The final 
concentrations of choline in the samples ranged from 0.033 
to 0.167 mg/mL for each sample type tested. Only one vial 
was prepared at each concentration level because this most 
closely represented the ideal case for routine testing. Excel
lent linearity was demonstrated for each sample type (Table 
1), with correlation coefficients ranging from 0.990 to 0.999
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T a b le  1 . L in e a r i t y  a n d  p r e c i s io n  d a t a  f o r  d e te r m in a t io n  o f  c h o l in e  b y  

G C - h e a d s p a c e  a n a ly s i s

Sample
Correlation coefficient 

(5 points— individual vials) %RSD n

Enfami 20 Kcal/oz 0.997 6.91 10
Enfamii 40 Kcal/oz 0.990 5.36 10
Isocal liquid 0.990 4.07 10
Sustacal liquid 0.998 1.60 8
ProSobee 20 Kcal/oz 0.997 4.74 6
ProSobee 40 Kcal/oz 0.993 5.28 6
ProSobee powder 0.999 3.73 6
Enfalac powder 0.999 5.64 7

when response factors were plotted vs choline concentration. 
The slopes of the correlation lines generally ranged from 100 
to 200 units per 0.1 mg/mL increase in choline concentration.

For each product type tested, a blank containing only prod
uct material digested at 120°C for 24 h was run on the head- 
space analyzer system. In addition, a reagent blank contain
ing only digested 50% NaOH was prepared and analyzed. No 
interferences were found that contributed significantly to the 
TMA or ethyl ether peak areas.

Sample precision was determined for each sample type by 
preparing replicate vials as outlined in the method and ana
lyzing them on the analyzer system. RSD values ranging from
1.60 to 6.91% were obtained (Table 1). This precision is 
excellent compared with current methodology, and based on 
the acceptance criteria for choline in all of the nutritional 
products tested (8).

Table 2 shows a comparison of the time required to perform 
the choline procedure by various methods. Automated head- 
space analysis requires only 15% of the time required by the 
Reineckate method. Sixty samples can be completed in 2 
days with only 6 h analyst hands-on time. A throughput of 
up to 400 samples/week is possible, using only one full-time 
analyst. In a quality control laboratory, these statistics rep
resent a large saving in analysis costs with a very short pay
back period for the cost of instrumentation.

Conclusions
Gas chromatographic headspace analysis is a rapid and 

reliable means of quantitating choline in nutritional liquids

T a b le  2 . C o m p a r is o n  o f  t im e  r e q u ir e d  a n d  t h r o u g h p u t  fo r  q u a n t it a t iv e  
d e te r m in a t io n  o f  c h o l in e  b y  v a r io u s  m e t h o d s

Time and GC-headspace
No. samples 

analyzed
Reineckate
procedure Manual Automated

Time required: 
For analysis of 

60 samples 5 days 3 days 2 days
Analyst time for 

60 samples 40 h 20 h 6 h
Sample throughput: 

Per day 15 40 100
Per week 60 160 400

and powders. The procedure can be easily automated with 
commercially available instrumentation at reasonable cost. 
Automation significantly improved method precision. Only a 
few modifications in sample preparation rendered the method 
applicable to a variety of liquid and powder formula products. 
Headspace analysis is a more reproducible technique than is 
classical methodology, and is particularly suited to large vol
ume quality control applications.
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Inductively Coupled Plasma Emission Spectroscopic Determination of Nine Elements in Infant 
Formula: Collaborative Study
RO N A LD  F. SU D D E N D O R F1 and K A TH LEEN  K. COOK
Food and Drug Adm inistration, Division o f  Nutrition, Washington, DC 20204
Collaborators: R. Christensen; K. Cook; P. Davis; F. Fricke; J. Jones; and R. Marts

Results from a collaborative study of a method for the determination 
of 9 elements in infant formula, using inductively coupled plasma 
emission spectroscopy, are reported. Six collaborators analyzed 6 infant 
formulas for native and spiked levels of Ca, Cu, Fe, Mg, Mn, P, K, 
Na, and Zn. The within-laboratory and between-laboratory coefficients 
of variation were generally (69 of 108 samples) below 9% for all ele
ments determined in all samples. Most of the average recoveries of the 
elements from spiked samples ranged from 90 to 105%. The method 
has been adopted official first action for determining Ca, Cu, Fe, Mg, 
Mn, P, K, Na, and Zn in infant formula.

'Present address: Center for Veterinary Medicine. Food and Drug Admin
istration. Rockville. MD 20857.The recommendation of the Associate Referee was approved by the General 
Referee and Committee E and was adopted by the Association. See the General 
Referee and Committee reports. 7. Assoc. Off. Anal. Chem. (1984) 67, March 
issue.

In the last half of 1979, pediatricians reported an abnormally 
high incidence of hypochloremic metabolic alkalosis in infants. 
Many of these cases, characterized by a failure of the infant 
to thrive, were found to have resulted from an insufficient 
intake of chloride (1-5). The deficiency of chloride in the diet 
was traced to the almost exclusive use of 2 soy-based infant 
formulas that were low in chloride. Because the entire food 
intake of an infant may be limited to one formula, they are 
especially subject to the effects of a deficiency or excess of 
any component in the formula.

This report of the Associate Referee. R. F. Suddendorf, was presented at the 97th Annual International Meeting of the AOAC. Oct. 3-6, 1983, at Wash
ington, DC.Received September?, 1983.
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T a b le  1 . S u m m a r y  o f in s t r u m e n t a t io n  u s e d  in  c o l la b o r a t iv e  s t u d y

Instrument Spectrometer

Nebulizer/ 
uptake rate, 

mLVmin

Observation 
ht, mm, above 

load coil

Forward
power,

kW
Emission lines, nm, used 

other than those in Table 4 3 :0 9

Applied Research Labs direct reader concentrlc/2.7 14 1.0 Mg, 279.1
(34000)

Applied Research Labs direct reader concentrlc/2.6 17 1.6 Ca, 422.7; Mg, 279.1; K, 404.7;
(ICPQ)

Jarrell-Ash 975 direct reader adjustable crossflow/0.9a 16 1.1
Na, 330.2; Zn, 202.5; P, 213.6 
Ca, 370.6; Mg, 279.5; Zn, 206.2

Jarrell-Ash 975 direct reader adjustable crossflow/1.1a 16 1.1
Jarrell-Ash 1140 direct reader nonadjustable crossflow/2.1a 15 0.9 Na, 330.2
Perkin-Elmer 5000 scanning concentric/1.3a 11 1.25 Mg, 279.5

aPump used to supply sample to nebulizer.

T a b le  4 3 :0 9  S u g g e s t e d  o p e r a t in g  p a r a m e t e r s  fo r  IC P  e m is s io n  
s p e c t r o s c o p y

Element
Wavelength,

nm
Background
correction8

Stds, (ig/mL

Low High

Ca 317.9 N 0 200
Cu 324.7 H 0 5
Fe 259.9 N 0 10
K 766.5 N 0 200
Mg 383.2 N 0 5
Mn 257.6 N 0 5
Na 589.0 N 0 200
P 214.9 N 0 100
Zn 213.8 H 0 5

aH = high side; N = no correction.

To prevent the occurrence of similar incidences, the U.S. 
government established a nutrient content standard for infant 
formulas and manufacturing requirements to ensure the safety 
of these products. In addition, the Food and Drug Adminis
tration (FDA) initiated a program to collect and analyze sam
ples of infant formula for nutrients including 10 elements (Ca, 
Cu, Fe, Mg, Mn, P, K, Na, Zn, and Cl). To conduct this 
program, a rapid and accurate method of analysis was required. 
This manuscript provides data from a collaborative study 
supporting the suitability of inductively coupled plasma emis
sion spectroscopy for determining 9 of these elements (all 
except Cl).

Collaborative Study
The study consisted of the analysis of 6 infant formulas (2 

powders, 2 ready-tc-feed, and 2 concentrates) for 9 elements: 
Ca, Cu, Fe, K, Mg, Mn, Na, P, and Zn. Each infant formula 
was analyzed in duplicate at the native (unspiked) level and 
again in duplicate at a spiked level. Two reagent blanks were 
analyzed by each collaborator. All collaborators analyzed the 
samples blind without any knowledge of sample composition.

All samples were preweighed and spiked in individual con
tainers before being sent to collaborating laboratories. Col
laborators were instructed to transfer the entire contents of 
each sample container to a Kjeldahl flask and to wash the 
container twice with ca 3 mL distilled deionized water and 
add the washings to the flask. Calculations were performed 
to reflect the elemental concentration as p,g/mL or mg/mL 
for the ready-to-feed and concentrated infant formulas and 
as |xg/g or mg/g for the powdered formulas with blank values 
subtracted. Thus, all concentrations are for the product as 
taken directly from the can or container and do not reflect 
normal dilutions of the product prior to feeding.

Calcium, Copper, Iron, Magnesium, Manganese, 
Phosphorus, Potassium, Sodium, and Zinc in Infant Formula 
Inductively Coupled Plasma Emission Spectroscopy Method 

First Action
(Caution: See  51.019, 51.026, 51.028.)

Principle
Sample is digested in H N 03/HC104 and elements are detd 

by ICP emission spectroscopy.
Reagents

(a) Water.—Distd, deionized. Usethruout.
(b) Perchloric acid.—Double-distd (G. F. Smith, or equiv.). 

Dil. 10 mL to 50 mL with H20.
(c) Standards.—(All preps yield 1000 p.g/mL.)
(1) Calcium.—Place 2.4973 g CaC03 in 1 L vol. flask with 

300 mL H20 , add 10 mL HC1, after C 02 has been released, 
dil. to 1 L with H20 .

(2) Copper.—Dissolve 1.000 g Cu in 10 mL HC1 plus 5 mL 
FLO to which HNO, is added dropwise until dissolution is 
complete. Boil to expel fumes, cool, and dil. to 1 L with H20 .

(3) Iron.—Dissolve 1.000 g Fe wire in 20 mL 5M HC1; dil. 
to 1 L with FLO.

(4) Potassium.— Dissolve 1.9067 g KC1 in FLO and dil. to 
1 L with FLO.

(5) Magnesium.—Dissolve 1.000 g Mg in 50 mL 1M HC1 
and dil. to 1 L with H20 .

(6) Manganese.—Dissolve 1.000 g Mn in 10 mL HC1 plus 
1 mL H N 03 and dil. 1 L with H20 .

(7) Sodium .—Dissolve 2.5421 g NaCl in H:0  and dil. to 1 
L with H20 .

(8) Phosphorus.—Dissolve 4.263 g (NH4)2H P04 in H20  
and dil. to 1 L with FLO.

(9) Zinc.—Dissolve 1.000 g Zn in 10 mL HC1 and dil. to 1 
L with H20 .

Com. available certified stds may be substituted for any of 
the above elements.

(d) Calibration stds.—Prep, to concn indicated in Table 
43:09, using stds above. All calibration stds should be prepd 
to contain 20% FtC104 to approx. HC104 concn in dild digested 
samples.

Apparatus
(a) ICP emission spectrometer.—Model 975 Plasma Atom 

Comp (Jarrell-Ash Co., 590 Lincoln St., Waltham, MA 02154), 
or equiv., capable of simultaneous or sequential detn of Ca, 
Cu, Fe, K, Mg, Mn, Na, P, and Zn. Minipuls 2 peristaltic 
pump (Gilson Medical Electronics, PO Box 27, 3000 W Belt- 
line Flighway, Middleton, WI 53562), or equiv., used to feed 
glass crossflow nebulizer. Suggested operating parameters: 
warmup time (plasma on), 30 min; exposure time, 5 s; inte
gration cycles, 1 cycle (2 on line exposures, 1 offline expo
sure); forward power, 1.1 KW; reflected power, <5 watts; 
sample uptake rate (w/pump), 0.8 mL/min; observation ht: 
16 mm above load coil (optimized for Mn).

(b) Controllable heating mantle and acid scrubber.—Lab- 
conco 60301, or equiv. (Labconco, 8811 Prospect, Kansas 
City, MO 64132).
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Table 2. Collaborative results for Ca in infant formulas

Laboratory

Product“ 1 2 3 4 5 6 Ref. Spike X Ree., % S„ SL Sx o < O o < o <

Brand A soy cone.
Native, mg/mL 1.86 1.82 1.73 2.09 2.05 1.973 1.81 0

1.86 1.84 1.72 1.888 1.916 1.79 0 1.873 — 0.061 0.097 0.115 3.3 5.2 6.1
Spked, mg/mL 3.74 3.79 3.61 4.309 4.35 5.669“ 2.00

3.84 3.82 3.74 3.931 4.37 5.688“ 2.00 3.950 104 0.131 0.267 0.297 3.3 6.8 7.5
Brand B RTF

Native, mg/mL 0.49 0.47 0.442 0.5024 0.539 0.484 0.48 0
0.464 0.447 0.3783 0.526 0.486 0.49 0 0.477 — 0.036 0.018 0.041 7.6 3.8 8.5

Spiked, mg/mL 1.17 1.12 1.04 1.339 1.17 0.67
1.12 1.13 1.05 1.252 1.15 0.67 1.154 101 0.033 0.088 0.094 2.8 7.6 8.1

Brand C RTF
Native, mg/mL 0.63 0.62 0.633 0.627 0.74 0.689 0.77 0

0.70 0.64 0.626 0.6834 0.70 0.686 0.78 0 0.680 — 0.027 0.049 0.056 4.0 7.2 8.2
Spiked, mg/mL 1.32 1.27 0.933 1.278 1.56 1.326 0.67

1.27 1.31 1.17 1.033 1.57 1.256 0.67 1.275 89 0.102 0.157 0.187 8.0 12.3 14.7
Brand B powder

Native, mg/g 3.32 3.4 3.27“ 3.84 3.622 3.60 0
3.66 3.53 2.17“ 3.792 3.667 3.61 0 3.604 — 0.117 0.113 0.163 3.3 3.2 4.5

Spiked, mg/g 6.88 6.75 6.18 6.529 7.69 6.717 3.33
6.57 6.68 5.97 6.409 7.69 6.954 3.33 6.752 95 0.134 0.526 0.543 2.0 7.8 8.0

Brand D powder
Native, mg/g 4.08 4.01 3.78 3.723 4.45 4.008 4.05 0

4.17 4.07 3.74 3.833 4.44 4.013 4.1 0 4.033 — 0.045 0.229 0.233 1.1 5.7 5.8
Spiked, mg/g 10.2 10.7 9.79 11.837 12.2 10.948 6.67

10.5 10.5 10.00 12.637 11.105 6.67 10.947 104 0.290 0.918 0.962 2.7 8.4 8.8
Brand D cone.

Native, mg'mL 1.18 1.12 1.14 1.232 1.29 1.156 1.12 0
1.15 1.15 1.246 1.25 1.131 1.11 0 1.175 — 0.019 0.058 0.061 1.6 5.0 5.2

Spiked, mg/mL 2.09 2.07 2.04 2.003 2.36 2.214 1.00
2.21 2.09 1.92 1.776 2.40 2.185 1.00 2.113 94 0.083 0.162 0.182 3.9 7.7 8.6

"Cone. = concentrate, RTF =: ready to feed.
“Outlier, not used in statistical analysis

Table 3. Collaborative results for Cu in infant formulas

Laboratory

Product" 1 2 3 4 5 6 Ref. Spike X Ree., % So SL Sx CV„ CVL o <

Brand A soy cone.
Native, mg/mL 1.40 1.3 1.18 1.80“ 1.36 1.51 1.24 0

1.30 1.27 1.16 2.40“ 1.42 1.25 0 1.308 — 0.044 0.101 0.110 3.4 7.7 8.4
Spiked, mg/mL 5.67 5.8 5.49 6.55 6.22 7.51 5.00

5.83 5.9 5.50 6.40 6.37 6.81 5.00 6.171 97 0.218 0.584 0.623 3.5 9.5 10.1
Brand B RTF

Native, mg/mL 0.37 0.46 0.45 0.73“ 0.486 0.512 0.49 0
0.44 0.45 0.50“ 0.465 0.526 0.51 0 0.469 — 0.012 0.044 0.046 2.6 9.4 9.7

Spiked, mg/mL 1.60 1.51 1.47 1.80 1.68 1.0
1.70 1.44 1.52 2.00 1.61 1.0 1.633 116 0.079 0.161 0.179 4.8 9.8 11.0

Brand C RTF
Native, mg/mL 0.90 0.77 0.92 0.83 0.771 0.832 0.78 0

0.90 0.76 0.72 0.97 0.770 0.829 0.80 0 0.825 — 0.066 0.032 0.073 7.9 3.9 8.9
Spiked, mg'mL 2.00 2.15 1.26 1.90 2.00 2.43 1.33

2.30 1.92 1.77 1.57 2.11 1.75 1.33 1.930 83 0.287 0.145 0.321 14.9 7.5 16.7
Brand B powder

Native, mg/g 5.04 3.6 3.60 6.67 4.09 4.62 0
4.29 3.8 2.30 6.67 4.14 4.70 0 4.460 — 0.438 1.222 1.298 9.8 27.4 29.1

Spiked, mg/g 12.8 14.6 13.3 16.33 14.4 14.9 11.3
12.7 14.6 13.4 16.67 14.3 16.7 11.3 14.558 89 0.531 1.370 1.469 3.7 9.4 10.1

Brand D powder
Native, mg/g 6.31“ 4.4 4.10 5.33 4.48 4.96 4.48 0

3.97“ 4.4 4.50 6.00 4.57 4.93 4.35 0 4.708 — 0.230 0.494 0.545 4.9 10.5 11.6
Spiked, mg/g 3.1 15.4 14.4 17.00 14.9 17.5 11.3

4.2 14.9 14.2 18.00 17.4 11.3 15.546 96 0.501 1.647 1.721 3.2 10.6 11.1
Brand D cone.

Native, mg/mL 1.05 1.15 1.15 1.80“ 1.22 1.31 1.15 0
1.35 1.16 2.00“ 1.19 1.32 1.09 0 1.195 — 0.097 0.0 0.097 8.2 0.0 8.2

Spiked, mg/mL 2.50 2.9 2.84 3.55 3.05 3.31 2.00
3.55 2.76 2.51 3.05 3.20 3.46 2.00 3.057 93 0.357 0.102 0.371 11.7 3.3 12.1

‘ Cone. = concentrate; RTF = ready to feed. 
“Outlier, not used in statistical analysis.

(c) Glassware.—Soak overnight in 10% H N 03 and thoroly 
rinse with H20 .

Procedure
Vigorously shake container of infant formula to ensure 

complete mixing. Measure 15.0 mL of ready-to-feed (10.0 
mL if coned, 1.5 g if powd) infant formula into 100 mL

Kjeldahl flask. Add 30 mL H N 03-HC104 (2 + 1) to flask 
along with 3 or 4 glass boiling beads. Let samples sit overnight 
in acid. Carry 2 reagent blanks thru entire procedure along 
with samples.

Before starting digestion, have ice bath available for cool
ing Kjeldahl flasks. H N 03 should also be readily available. 
To start digestion, place each Kjeldahl flask on heating mantle
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T a b le  4 . C o l la b o r a t iv e  r e s u l t s  fo r  F e  In In fa n t f o r m u la s

Product“ 1 2

Laboratory 

3 4 5 6 Ref. Spike X Ree., % So Sl Sx O < O CVL CVx

Brand A soy cone.
Native, mg/mL 29.3 28.3 24.6“ 31.50 33.8 33.8 29.3 0

31.5 28.6 24.2“ 31.80 32.4 29.1 0 30.85 — 0.84 1.93 2.11 2.7 6.3 6.8
Spiked, mg/mL 76.7 70.1 61.6“ 84.50 84.7 87.1 50.0

79.0 70 62.6“ 84.75 85.2 81.2 50.0 80.33 99 2.01 6.29 6.60 2.5 7.8 8.2
Brand B RTF

Native, mg/mL 13.2 12.1 10.4“ 13.83“ 14.3 13.6 13.1 0
12.0 10.6“ 11.20“ 13.9 13.8 12.7 0 13.19 — 0.22 0.82 0.85 1.6 6.2 6.4

Spiked, mg/mL 26.9 23.5 20.2“ 22.67 26.1 13.3
25.3 23.5 20.2“ 22.67 26.6 13.3 24.66 86 0.59 1.80 1.89 2.4 7.3 7.7

Brand C RTF
Native, mg/mL 16.8 16.8 14.3“ 16.23 19.2 18.2 18 0

16.7 16.4 14.6“ 16.83 18.8 18.3 18.5 0 17.12 — 0.27 1.51 1.54 1.6 8.8 9.0
Spiked, mg/mL 49.6 44.6 30.6“ 43.67 52.8 49.6 33.3

46.6 44.5 37.5“ 32.90 52.6 48.8 33.3 44.48 82 3.80 6.54 7.57 8.5 14.7 17.0
Brand B powder

Native, mg/g 90.1“ 94 86.2“ 109.0 108 102 0
1C5“ 99 56.0“ 106.7 110 102 0 103.84 — 2.07 5.58 5.96 2.0 5.4 5.7

Spiked, mg/g 227 212 183“ 199.7 246 238 133
218 209 180“ 221.3 244 236 133 217.83 86 6.91 22.07 23.13 3.2 10.1 10.6

Brand D powder
Native, mg/g 3.15 2.3 1.20“ 7.33 2.93 2.63 2.5 0

3.31 2.1 1.30“ 7.00 8.38 11.3 2.6 0 4.63 — 2.96 0.80 3.07 63.9 17.4 66.3
Spiked, mg/g 12.1 13.4 10.0“ 16.33 16.3 14.2 13.3

16.8 13.1 10.0“ 19.00 14.9 13.3 15.13 79 1.93 1.06 2.20 12.8 7.0 14.6
Brand D cone.

Native, mg/mL 4.85 4.29 3.72“ 4.75 5.22 4.95 4.45 0
4.40 4.4 4.45 5.13 4.94 4.39 0 4.69 — 0.16 0.30 0.34 3.5 6.3 7.2

Spiked, mg/mL 9.30 8.5 7.25“ 8.15 10.1 9.97 5.0
9.70 8.5 6.91“ 7.25 10.17 9.78 5.0 9.14 89 0.32 0.99 1.04 3.5 10.9 11.4

“Cone. = concentrate, RTF = ready to feed.
“Outlier, not used in stat stical analysis.

T a b le  5 . C o l la b o r a t iv e  r e s u l t s  fo r  K  In  in fa n t  f o r m u la s

Product* 1 2

Laboratory 

3 4 5 6 Ref. Spike X Ree., % So Sl Sx ° < O CVl O <

Brand A soy cone.
Native, mg/mL 1 81 1.74 1.972 1.98 2.018 1.88 0

1 83 1.8 1.799 1.943 1.68 0 1.859 — 0.089 0.064 0.110 4.8 3.4 5.9
Spiked, mg/mL 2 73 2.7 3.22“ 3.164 3.07 3.344 1.00

2 82 2.7 2.40“ 3.052 3.08 3.046 1.00 2.971 111 0.105 0.206 0.231 3.5 6.9 7.8
Brand B RTF

Native, mg/mL 0.69 0.68 0.7213“ 0.711 0.726 0.64 0
0 69 0.69 0.5676“ 0.726 0.745 0.69 0 0.699 — 0.018 0.025 0.031 2.6 3.6 4.4

Spiked, mg/mL 1.40 1.35 1.24 1.455 1.475 0.67
1.35 1.31 1.27 1.352 1.422 0.67 1.362 99 0.043 0.067 0.080 3.2 5.0 5.9

Brand C RTF
Native, mg/mL 0.78 0.78 0.7366 0.792 0.814 0.75 0

0.77 0.76 0.8473 0.781 0.792 0.85 0 0.788 — 0.044 0.0 0.044 5.6 0.0 5.6
Spiked, mg/mL 1.43 1.39 1.20 1.291 1.40 1.50 0.67

1.47 1.41 1.129 1.41 1.475 0.67 1.373 87 0.054 0.111 0.123 3.9 8.0 8.9
Brand B powder

Native, mg/g 4.33 4.4 5.259 4.951 4.67 0
4.82 4.7 5.127 5.019 4.66 0 4.794 — 0.188 0.250 0.312 3.9 5.2 6.5

Spiked, mg/g 10.9 10.8 13.107 11.10 11.661 6.67
1 0 . 5 11.0 13.140 11.00 11.796 6.67 11.500 101 0.151 0.980 0.992 1.3 8.5 8.6

Brand D powder
Native, mg/g 9.26 9.0 8.66“ 9.59 9.989 8.9 0

9.37 9.2 10.79“ 9.72 9.794 9.2 0 9.402 — 0.140 0.349 0.376 1.5 3.7 4.0
Spiked, mg/g 14.7 16 12.5 17.38 15.40 16.806 6.67

15.2 15.1 12.4 18.24 17.067 6.67 15.527 92 0.433 1.907 1.956 2.8 12.3 12.6
Brand D cone.

Native, mg/mL 1.58 1.6 1.798 1.81 1.794 1.65 0
1.57 1.65 1.871 1.75 1.799 1.63 0 1.725 — 0.032 0.086 0.092 1.8 5.0 5.3

Spiked, mg/mL 2.54 2.5 2.38 2.582 2.87 2.816 1.0
2.70 2.5 2.57 2.144 2.77 2.522 1.0 2.575 85 0.171 0.108 0.202 6.6 4.2 7.9

“Cone. = concentrate, RTF = ready to feed. 
'’Outlier, not used in statistical analysis.

set at low temp. Once boiling is initiated, red-orange fumes 
of NO, will be driven off. Continue gentle heating until H N 03 
and H ,0  have been driven off, and sample is contained in 
HC104. At this point effervescent reaction occurs between 
sample and HC104. Place flask on cool heating mantle and let 
digestion proceed with occasional heating from mantle. It is

important that reaction between sample and HC104 not go 
too fast, because charring will occur. If sample chars, imme
diately place flask in ice bath to stop digestion. Add 1 mL 
H N 03 and resume gentle heating.

After reaction of sample with HC104 is complete (identified 
by cessation of effervescent reaction between sample and
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T a b le  6 . C o l la b o r a t iv e  r e s u l t s  fo r  M g in  in fa n t  fo r m u la s

Product* 1 2

Laboratory 

3 4 5 6 Ref. Spike X Ree., % So SL S, o < O CVl o <

Brand A soy cone.
Native, mg/mL 200 213 198 269 239 221 200 0

201 213 193 253.5 212 199 0 216.27 — 5.39 23.91 24.51 2.5 11.1 11.3
Spiked, mg/mL 415 384 362 454.0 445 440 200

429 387 350 457.0 454 403 200 415.00 99 12.27 37.14 39.11 3.0 9.0 9.4
Brand B RTF

Native, mg/mL 70.6 77 71.1 83.3“ 80.9 73.7 70.4 0
76 72.6 57.2“ 78.7 75.2 72.7 0 74.45 — 1.25 3.37 3.59 1.7 4.5 4.8

Sp ked, mg/mL 131 138 126 173.3“ 137 66.7
126 138 127 159.7“ 135 66.7 132.25 87 1.94 5.44 5.77 1.5 4.1 4.4

Brand C RTF
Native, mg/mL 57.6 62 55.6 56.0“ 61.8 57.5 57.5 0

56.9 60 55.7 64.2“ 60.9 57.7 58.8 0 58.50 — 0.77 2.17 2.30 1.3 3.7 3.9
Spiked, mg/mL 113 120 82.0“ 130.3 125 120 66.7

116 121 102“ 108.0 126 115 66.7 119.43 91 7.30 0.0 7.30 6.1 0.0 6.1
Brand B powder

Native, mg/g 397 440 410“ 503.3 427 422 0
429 454 280“ 503.3 431 418 0 442.46 — 11.19 35.44 37.17 2.5 8.0 8.4

Spiked, mg/g 980 1080 988 1236.7 1090 1016 667
941 1070 954 1260.0 1090 1045 667 1062.56 93 18.62 104.29 105.94 1.8 9.8 10.0

Brand D powder
Native, mg/g 408 431 389 408.3“ 444 416 393 0

410 437 394 475.0“ 447 412 396 0 414.75 — 2.87 21.35 21.55 0.7 5.2 5.2
Spiked, mg/g 652 760 669 816.7 752 730 333

670 740 680 835.0 742 333 731.52 95 11.51 61.80 62.87 1.6 8.5 8.6
Brand D cone.

Native, mg/mL 114 118 116 130.2 131 119 117 0
112 121 130.5 127 119 116 0 120.82 — 1.58 6.67 6.86 1.3 5.5 5.7

Spiked, mg/mL 189 206 196 207.0“ 226 213 100
198 208 186 176.0“ 226 209 100 205.70 85 4.48 13.84 14.55 2.2 6.7 7.1

*Conc. = concentrate, RTF = ready to feed.
“Outlier, not used in statistical analysis.

T a b le  7 . C o l la b o r a t iv e  r e s u l t s  f o r  M n in  in fa n t  f o r m u la s

Product* 1 2

Laboratory 

3 4 5 6 Ref. Spike X Ree., % So SL Sx O>o

CVl o <

Brand A soy cone.
Native, mg/mL 3.00 3.02 2.59“ 2.95 3.23 3.43 2.89 0

3.00 3.03 2.58“ 2.90 3.31 2.89 0 3.059 — 0.041 0.187 0.191 1.4 6.1 6.3
Spiked, mg/mL 7.26 7.59 6.69“ 7.50 8.29 9.13 4.5

7.53 7.6 6.65“ 7.05 8.35 8.53 4.5 7.681 103 0.231 0.758 0.792 3.0 9.9 10.3
Brand B RTF

Native, mg/mL 0.13 0.223 0.07“ 0.23 0.215 0.207 0.24 0
0.221 0.07“ 0.17 0.205 0.219 0.22 0 0.207 — 0.021 0.025 0.032 9.9 11.9 15.5

Spiked, mg/mL 0.40“ 0.501 0.30“ 0.47 0.479 0.27
0.53“ 0.50 0.33“ 0.47 0.470 0.27 0.482 102 0.004 0.016 0.017 0.8 3.4 3.5

Brand C RTF
Native, mg/mL 0.60“ 0.525 0.34“ 0.50 0.529 0.517 0.50 0

0.60“ 0.51 0.35“ 0.53 0.516 0.518 0.52 0 0.517 — 0.013 0.0 0.013 2.5 0.0 2.5
Soiked, mg/mL 1.30 1.71 1.09“ 1.53 1.94 1.59 1.33

1.57 1.69 1.18“ 1.33 1.66 1.75 1.33 1.607 82 0.147 0.130 0.196 9.2 8.1 12.2
Brand B powder

Native, mg/g 2.82“ 1.61 1.67 1.53 1.76 0
1.65“ 1.71 1.67 1.54 1.70 0 1.649 — 0.041 0.076 0.087 2.5 4.6 5.3

Spiked, mg/g 3.22“ 4.45 2.60“ 4.67 4.28 4.07 2.67
3.22“ 4.4 2.40“ 4.33 4.3 4.21 2.67 4.339 101 0.131 0.128 0.184 3.0 3.0 4.2

Brand D powder
Native, mg/g 2.03“ 0.31 0.33“ 0.321 0.287 0.34 0

0.34 0.66“ 0.320 0.310 0.37 0 0.325 — 0.017 0.020 0.026 5.3 6.1 8.1
Spiked, mg/g 2.02 2.90 1.50“ 3.33 3.08 2.97 2.67

2.11 2.8 1.50“ 3.67 3.00 2.67 2.876 96 0.130 0.543 0.558 4.5 18.9 19.4
Brand D cone.

Native, mg/mL 0.22“ 0.124 0.15 0.120 0.110 0.11 0
0.124 0.15 0.110 0.109 0.11 0 0.122 — 0.003 0.017 0.017 2.6 13.7 14.0

Spiked, mg/mL 0.40 0.51 0.27“ 0.45 0.509 0.527 0.40
0.60 0.51 0.25“ 0.40 0.527 0.517 0.40 0.495 93 0.066 0.0 0.066 13.2 0.0 13.2

"Cone. = concentrate, RTF = ready to feed. 
“Outlier, not used in statistical analysis.

HC104) apply high heat to sample for ca 2 min. Avoid heating 
sample to dryness because this can cause explosion. Remove 
flask from heating mantle and let cool.

Transfer each digested sample to 50 mL vol. flask and dil. 
to vol. with H20 . Some pptn is likely to occur (especially 
with high salt content samples) after diln. Ppt will dissolve if

shaken and allowed to sit overnight. Final acid content of 
samples is ca 20% HC104.

Elemental cetn is accomplished by inductively coupled 
plasma (1CP) emission spectroscopy (see Table 43:09 for 
parameters). Calibration of instrument is done thru use of 
known calibration stds. Calibration stds may be used as single
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T a b le  8 . C o l la b o r a t iv e  r e s u l t s  o f  N a  In  in fa n t  fo r m u la s

Product8 1 2
Laboratory 

3 4 5 6 Ref. Spike X Rec., % So SL Sx O < o o < CV*

Brand A soy cone.
Native, mg/mL C.68 0.72 0.691 0.6776 0.772 0.799 0.71 0

C.75 0.72 0.668 0.6534 0.774 0.66 0 0.713 — 0.028 0.040 0.049 3.9 5.7 6.9
Spiked, mg/mL 1.59 1.66 1.67 2.02 1.75 1.984 1.00

1.69 1.68 1.54 1.908 1.78 1.826 1.00 1.758 105 0.074 0.138 0.157 4.2 7.9 8.9
Brand B RTF

Native, mg/mL 0.246 0.158 0.135 0.1677 0.177 0.169 0.16 0
0.154 0.16 0.1319 0.158 0.17 0.17 0 0.159 — 0.014 0.0 0.014 8.9 0.0 8.9

Spiked, mg/mL 0.52 0.48 0.479 0.4309 0.514 0.33
0.49 0.48 0.488 0.4566 0.510 0.33 0.485 99 0.013 0.025 0.028 2.7 5.2 5.8

Brand C RTF
Native, mg/mL 030 0.32 0.317 0.3119 0.306 0.335 0.33 0

0 30 0.32 0.314 0.3256 0.301 0.334 0.35 0 0.319 — 0.007 0.014 0.015 2.1 4.4 4.8
Spiked, mg/mL 0 68 0.62 0.486 0.5485 0.58 0.68 0.33

0 61 0.60 0.526 0.4845 0.587 0.65 0.33 0.588 82 0.032 0.062 0.069 5.4 10.5 11.8
Brand B powder

Native, mg/g 1.01 1.08 1.351 1.195 1.14 0
1.14 1.13 1.311 1.20 1.13 0 1.169 — 0.046 0.096 0.107 3.9 8.2 9.1

Spiked, mg/g 2.38 2.42 2.22 2.331 2.41 2.338 1.33
2.29 2.3 2.15 2.356 2.23 2.449 1.33 2.323 87 0.078 0.046 0.091 3.4 2.0 3.9

Brand D powder
Native, mg/g 2.18 2.29 2.05 2.257 2.34 2.475 2.20 0

2.18 2.3 2.16 2.491 2.408 2.477 2.27 0 2.291 — 0.074 0.117 0.138 3.2 5.1 6.0
Spiked, mg/g 5.17 5.4 5.47 4.967 4.98 5.902 3.33

5.25 5.3 5.50 4.676 5.94 3.33 5.323 91 0.102 0.387 0.400 1.9 7.3 7.5
Brand D cone.

Native, mg/mL 0.50 0.52 0.55 0.46660 0.562 0.577 0.52 0
0.50 0.538 O-siss6 0.549 0.578 0.51 0 0.537 — 0.008 0.029 0.030 1.4 5.4 5.6

Spiked, mg/mL 0.98 0.967 1.02 0.78606 0.999 1.103 0.50
1.04 0.99 0.965 0.76260 1.01 1.087 0.50 1.016 96 0.027 0.041 0.050 2.7 4.1 4.9

8Conc. = concentrate, R F = ready to feed. 
‘ Outlier, not used in statistical analysis.

T a b le  9 . C o l la b o r a t iv e  r e s u l t s  fo r  P  in  In fa n t  f o r m u la s

Product8 1 2

Laboratory 

3 4 5 6 Ref. Spike X Rec., % So Sl Sx CV0 CVL o <

Brand A soy cone.
Native, mg/mL 1.37 1.30 1.20 1.559 1.49 1.523 1.29 0

1.36 1.31 1.19 1.352 1.526 1.28 0 1.365 — 0.060 0.112 0.127 4.4 8.2 9.3
Spiked. mg/mL 2.39 2.27 2.10 2.46 2.66 3.146 1.00

2.45 2.27 2.04 2.399 2.69 2.65 1.00 2.460 110 0.147 0.274 0.311 6.0 11.1 12.6
Brand B RTF

Native, mg/mL 0.34 0.332 0.297 0.3426 0.374 0.346 0.33 0
0.329 0.303 0.2591 0.366 0.357 0.34 0 0.332 — 0.025 0.019 0.031 7.4 5.8 9.4

Spiked, mg/mL 0.70 0.66 0.586 0.771 0.697 0.33
0.68 0.66 0.595 0.7052 0.70 0.33 0.675 104 0.022 0.053 0.057 3.3 7.8 8.5

Brand C RTF
Native, mg/mL 0.43 0.391 0.386 0.3937 0.458 0.453 0.47 0

0.45 0.40 0.393 0.4472 0.43 0.464 0.48 0 0.430 — 0.022 0.028 0.035 5.0 6.4 8.2
Spiked, mg/mL 1.03 1.03 0.71 1.05 1.21 1.119 0.67

1.05 1.04 0.889 0.8543 1.22 1.159 0.67 1.035 90 0.078 0.135 0.156 7.6 13.1 15.1
Brand B powder

Native, mg/g 2.40 2.46 2.26‘ 2.565 2.688 2.51 0
2.63 2.56 1.50° 2.807 2.68 2.54 0 2.584 — 0.111 0.049 0.121 4.3 1.9 4.7

Spiked, mg/g 5.89 5.70 5.12 6.393 6.26 5.884 3.33
5.60 5.6 4.96 6.467 6.23 6.079 3.33 5.849 98 0.117 0.486 .500 2.0 8.3 8.6

Brand D powder
Native, mg/g 3.28 3.21 2.88 2.974 3.52 3.428 3.14 0

3.34 3.26 2.89 3.59 3.54 3.332 3.2 0 3.256 — 0.169 0.160 0.233 5.2 4.9 7.2
Spiked, mg/g 6.32 6.5 5.78 7.91 7.18 6.898 3.33

6.57 6.4 5.82 7.64 6.876 3.33 6.718 104 0.121 0.696 0.707 1.8 10.4 10.5
Brand D cone.

Native, mg/mL 0.95 0.89 0.866 0.961 1.02 0.98 0.86 0
0.9c 0.91 0.9605 0.994 0.974 0.86 0 0.935 — 0.011 0.055 0.056 1.2 5.8 6.0

Spiked, mg/mL 1.9C 1.82 1.74 1.777 2.07 2.072 1.0
1.9S 1.84 1.64 1.568 2.13 2.232 1.0 1.898 96 0.087 0.194 0.212 4.6 10.2 11.2

"Cone. = concentrate, RTF = ready to feed. 
'’Outlier, not used in statistical analysis.

stds (i.e., one element per std) or as mixed std contg 2 or 
more elements. Whether single or mixed stds should be used 
for calibration will depend on computer software require
ments of particular IC? system in use.

After calibration is complete, samples can be analyzed. 
Calibration of instrument should be checked after every 10

samples by analyzing calibration stds. If reanalysis of cali
bration stds indicates that instrument has drifted out of cali
bration, (>3% of original values), instrument should be recal
ibrated.

Computer will calc, concn for each element of each dild 
sample as pg/mL. Use following equation to convert this
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T a b le  10 . C o l la b o r a t iv e  r e s u l t s  t o r  Z n  in  in fa n t  fo r m u la s

Laboratory

Product“ 1 2 3 4 5 6 Ref. Spike X Rec., % S„ Sl S„ o < O CVL C V,
Brand A soy cone.

Native, mg/mL 11.3 11.0 11.1 13.05“ 13.0 13.4 11.8 0

Spiked, mg/mL
11.8 11.2 11.1 59.75“ 13.1 11.7 0 11.86 ___ 0.20 0.91 0.93 1.7 7.7 7.8
19.3 19.2 19.1 18.70 23.9 24.6 10

Brand B RTF
20.0 19.3 18.4 20.10 24.2 23.7 10 20.88 90 0.57 2.48 2.55 2.7 11.9 12.2

Native, mg/mL 2.46 3.6 3.63 4.67 4.29 4.15 3.81 0

Spiked, mg/mL
3.56 3.71 3.40 4.14 4.14 3.87 0 3.80 ___ 0.370 0.403 0.547 9.7 10.6 14.4

9.22 9.5 9.38 10.80 11.2 6.67

Brand C RTF
9.12 9.5 9.45 10.37 10.9 6.67 9.94 92 0.170 0.814 0.832 1.7 8.2 8.4

Native, mg/mL 5.50 5.8 5.66 6.07 6.59 6.30 6.11 0

Spiked, mg/mL
5.56 5.6 5.65 6.40 6.50 6.19 6.34 0 6.02 ___ 0.127 0.375 0.396 2.1 6.2 6.6

11.4 11.4 8.40 12.27 14.1 13.6 6.67

Brand B powder
11.9 11.3 10.6 10.13 13.9 12.8 6.67 11.82 87 0.93 1.45 1.72 7.9 12.3 14.6

Native, mg/g 22.2 26.5 27.2 88.67“ 31.2 31.1 0
28.7 27.5 18.2 31.00“ 31.6 29.6 0 27.38 ___ 3.56 2.52 4.36 13.0 9.2 15.9

Spiked, mg/g 79.6 87 87.3 101.0 110 96.4 66.7
75.0 86 83.1 102.7 108 98.5 66.7 92.88 98 2.06 11.77 11.95 2.2 12.7 12.9

Brand D powder
Native, mg/g 47.8 48 48.0 48.00 53.7“ 55.0 50.3 0

45.3 49 48.4 54.33 65.9“ 54.7 51.1 0 49.99 — 2.00 2.56 3.25 4.0 5.1 6.5
Spiked, mg/g 95.8 108 105 111.0 135 123 66.7

99.7 106 107 114.0 125 66.7 111.77 93 1.90 12.08 12.23 1.7 10.8 10.9
Brand D cone.

Native, mg/mL 11.1 10.9 11.6 12.50 13.0 13.2 11.4 0
11.1 11.2 13.00 12.5 13.0 11.2 0 11.98 — 0.24 0.90 0.93 2.0 7.5 7.7

Spiked, mg/mL 19.1 19.2 19.9 19.55 22.9 23.6 10
20.7 19.4 18.9 17.00 23.6 23.2 10 20.59 86 0.95 2.08 2.29 4.6 10.1 11.1

“Cone. = concentrate, RTF = ready to feed. 
“Outlier, not used in statistical analysis.

value to (xg/mL if original sample was ready-to-feed or coned 
formula or p,g/g if sample was powder.

C = A x (50 mLIB)
where A = concn (p.g/mL) of element as detd by ICP; B = 
vol. or wt of sample as mL or g; C = elemental concn in 
sample, p,g/mL or p-g/g, depending on value of B.

Results and Discussion
Six laboratories completed the study; a summary of the 

instrumentation used by each laboratory is given in Table 1. 
Results of the analysis are shown in Tables 2-10. The statis
tical parameters calculated after removal of outliers as deter
mined by the Youden rank sum test (6), the Dixon test (6), 
and the Cochran test (6) are also shown. All data and statistics 
are reported as received from the laboratories and statisti
cian; no attempt has been made to round numbers to the 
correct number of significant figures.

In applying these outlier tests, first the Youden rank sum 
test was applied at a  = 0.01 to all data. All Fe and Mn values 
from Laboratory 3 were rejected as a result of this test. Next, 
the Dixon and Cochran tests were applied concurrently to 
the remaining data at a  = 0.05 for both tests. The Dixon test 
examines the high and the low end of the data with a = 0.05 
at each tail. To avoid removal of noninfluential outliers in 
these tests, Dixon outliers were not removed if such removal 
did not change CVX by at least 40% of its original value (in 
the general case, the 40% restriction may be replaced by a 
confidence interval), and Cochran outliers were not removed 
if the ratio of CV0 to CVX fell below 0.25, a value established 
empirically. These 2 limitations prevented removal of an 
excessive number of data points for a material when the 
remaining points were unusually close together. In addition, 
as a general rule, no more than 20% of the data for a given 
material were removed as outliers, a value permitting removal 
of one laboratory from a 5-laboratory set, but no more. One

exception to this rule is found in Table 7 for Mn. For the 
Brand D powder formula, 2 laboratories were removed (a 
removal rate of 33%) because both were extreme outliers and 
most likely were not true members of the normal distribution 
of data. Other than this exception, all data were treated in 
the same manner as described by the above rules.

In the statistical treatment of the corrected data, a one-way 
analysis of variance was done for each element-formula-level 
(native and spiked) combination to obtain components of 
variation within and between laboratories. S„ is the within- 
laboratory standard deviation; it represents the variability of 
measurements by one laboratory. CVc is the coefficient of 
variation within a laboratory. The quantity SL is the standard 
deviation representing the variability of laboratory averages 
with CVL, the coefficient of variation. The reproducibility 
standard deviation, Sx, is derived from 2 quantities, and 
SL, and is calculated from the equation:

Sx = VAi + Sf.
CVX is the corresponding coefficient of variation.

S i  is the “ true” between-laboratory variance, i.e., it is the 
between-laboratory variance with the values S;Jr, represent
ing within-laboratory variability, subtracted (r being the num
ber of replicate readings per laboratory). Thus, it is possible 
to obtain a value of zero for SL (if Sa is great) even though 
the laboratory averages differ, as is the case for Mg in the 
spiked Brand C ready-to-feed sample.

For the samples analyzed and the elements determined, 
most values for CVX, CVc, and CVL were below 9%. For 
certain elements at elevated levels, such as Na, Ca, and K, 
most values for CVD were less than 4% with many values in 
the range of 1-2%, indicating excellent within-laboratory 
repeatability.

One striking deviation from this pattern was for the Fe 
determination in Brand D powder at the native (unspiked) 
level. For this sample, the values of CVQ and CVX were 63.9
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T a b le  11 . C o n c e n t r a t io n  ( j ig / m L )  o f e le m e n t s  in  b la n k s

Element

Laboratory

1 2 3 4 5 6

Ca 0.04 0.05, 0.05 0.23, 0.19 0.42, 0.13 0.31,0.33 0.07, 0.07
Cu NDa ND <0.05 ND 0.04, 0.03 ND
Fe 0.05 ND 0.03, 0.02 ND 0.04, 0.04 0.02, 0.01
K 0.96 ND <300 1.14, 0.85 0.67, 0.72 ND, 0.07
Mg 0.01 ND <0.5 ND 0.16, 0.17 0.06, 0.03
Mn ND ND <0.01 0.01,0.01 0.01, 0.01 0.001,0.001
Na 0.23 0.04, 0.04 <30 0.56, 0.92 3.26, 2.66 ND
P ND ND <0.5 ND 0.35, 0.40 ND
Zn ND ND 0.01,0.01 0.01,0.02 0.03, 0.02 0.004, 0.003

aND = not detected.

and 66.3, respectively. The recovery for the spiked sample 
was also low, 79%. The values of CVc and CVX for the spiked 
samples were 12.8 and 14.6, respectively, somewhat lower 
than the values found for the native level but still considerably 
higher than those for ?e  determination in other samples. The 
authors have no definite explanation for the discrepancy 
between this sample and the others, although the possibility 
of heterogeneity or contamination of the sample before being 
sent to the collaborators seems the most plausible.

Recoveries obtained on spiked samples were generally very 
good with most values ranging from 90 to 105%. The most 
notable exception to this, as previously discussed, was Fe in 
Brand D powder with a recovery of 79%.

A final area to be considered is the elemental concentration 
of the blanks. Each laboratory was to run 2 blanks along with 
the samples and report the concentrations as pg/mL. The 
values for the blanks are presented in Table 11. Sodium 
concentrations ranged from “ not detected” in Laboratory 6 
to 3.26 pg/mL for one blank in Laboratory 5. Similar results 
were found for K with a range from “ not detected” to 1.14 
pg/mL. Ca ranged from 0.04 to 0.42 pg/mL. The range of 
blank values for these 3 elements is not surprising in view of 
their ubiquitous nature. The variability of the blanks for these 
elements does not pose a problem for their determination in 
infant formulas as these elements are present in formulas at 
levels at least 100 times greater than the blank concentrations. 
Thus any contribution from the blank is trivial. Other ele

ments were reported either as “ not detected” or at levels so 
low as not to be of concern for their determination in infant 
formula.

Recommendation
It is recommended that the inductively coupled plasma 

emission spectroscopic method for the determination of Ca, 
Cu, Fe, Mg, Mn, P, K, Na, and Zn be adopted official first 
action.
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S Y M P O S IU M  O N  L IQ U ID  C H R O M A T O G R A P H I C  A S S A Y  
O F  V IT A M IN S

9 7  th  A n n u a l  I n te r n a t i o n a l  M e e t i n g  o f  A O  A C ,  O c to b e r  19 83

Liquid chromatography (LC) has become an effective tool in the assay of vitamins in nutritional products and foods. It 
offers alternative methodology to the more tedious chemical, spectrophotometric, and microbiological assays. Over the past 
10 years, LC methods for determining oil- and water-soluble vitamins in fortified nutritional products and foods have 
proliferated. In recent years, much attention has been given to determining naturally occurring vitamins in foods.

The growth of new technology and its broad applications to vitamin analyses dictated the need for a symposium on LC 
assay of vitamins. The abundance of research on vitamins could not be presented in one symposium. Consequently, 2 
sessions were presented by AOAC. Oil-soluble vitamins were discussed at the April 1983 AOAC workshop in Indianapolis. 
During preparation for the present symposium on water-soluble vitamins, it was apparent that all research on these vitamins 
also could not be discussed within a single symposium. Thus, the October symposium covered only the following: 
development of B-vitamins technology as illustrated by analytical changes undertaken to improve LC analysis for vitamins 
in fortified tablet products; discussion of problems encountered in adapting procedures for foods analyses; and new 
developments for testing vitamins traditionally assayed by microbiological methods (pantothenic acid and biotin) and testing 
vitamin B12 in tablet products.

LC has primarily been successful in the analysis of water-soluble vitamins in nutritional and pharmaceutical products, 
where they are typically fortified at 100% USRDA. Vitamins such as biotin, Bn, and pantothenic acid are difficult to 
measure because of either the low concentrations encountered or lack of an adequate chromophore for UV detection. 
Conversely, vitamins B,, B2, B6, and niacin usually are found at higher levels, and each exhibits easily measurable 
absorbance at traditional wavelengths. Advances in LC methodology have occurred in the simultaneous analysis for these 4 
vitamins. Recently, folic acid and ascorbic acid have received more attention. Analyses for these vitamins are complicated 
by their instability in solution because of reactions with oxygen or minerals.

Extension of LC methods to analyses for vitamins in food products, both fortified and unfortified, has been a primary goal 
of many investigators over the past 5 years. Even for fortified food products, existing LC methods have not always been 
directly applicable because of interferences from fatty acids and proteins. In addition, relatively low vitamin concentrations 
made isolation and detection difficult. In unfortified foods, the presence of multiple vitamin forms was an additional 
problem. For example, vitamin B6 can be present as the free or phosphate forms of pyridoxal, pyridoxine, and 
pyridoxamine. Multiple forms of vitamins increased the need for better chromatographic separation and, in some cases, 
complicated vitamin isolation because of the differences in solubility of each form. Despite these factors, many effective 
methods have been developed using improved ion-pair techniques, dual column separation, and improved detectors.

The vitamin symposium addressed these problems and presented feasible procedures for assay of water-soluble vitamins. 
In designing the program, an attempt was made to include participants from industry, government, and academia so that 
their varied backgrounds would demonstrate different approaches to method development as well as identify different 
concerns on vitamin analyses in each area.

Following this introduction are 5 of the presentations. The information presented in the sixth speech was primarily 
covered in a previous publication: Holcomb, I. J., Lam, F. L., & Fusari, S. A. (1981) Anal. Chem. 53, 607-609.

Shaklee Corporation 
1992 Alpine Way 
Hayward, CA 94566

R eb ec c a  J. A l l e n
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Determination of Pantothenic Acid, Biotin, and Vitamin B12 in Nutritional Products
TH O M A S S. H U D SO N , SHYAMALA SU BRA M A N IA N , and REBECCA J. A L L E N  
Shaklee Corp., 1992 A lpine Way, Hayward, CA 94566

Until recently, liquid chromatographic (LC) methodology for panto
thenic acid, biotin, and B12 (cyanocobalamin) has been only marginally 
successful. These vitamins are difficult to determine by conventional 
LC techniques and UV detection at 254 or 280 nm, because either the 
chromophore is inadequate for detection or interference from co-elut
ing vitamins is overwhelming. Biotin and B,2 are usually present in 
pharmaceutical products at concentrations 100-1000 times lower than 
other commonly occurring water-soluble vitamins. Co-extraction of all 
water-soluble vitamins results in gross interferences, especially in LC 
when the interfering vitamins co-elute with biotin or B,2. In addition, 
pantothenic acid and biotin are colorless in solution and do not exhibit 
strong UV absorption above 240 nm. As a result, they must be quan
titated either by using a low UV wavelength for detection or by deri- 
vatizing the vitamin to obtain an adequate chromophore. A description 
of procedures for LC determination of pantothenic acid, panthenoi, 
cyanocobalamin, and biotin in pharmaceutical products is presented. 
Pantothenic acid has been measured by using both a derivatization 
technique and low UV wavelength detection. Biotin has been quanti
tated by using low UV wavelength detection. The limitations of these 
techniques are also dis:ussed. Chromatographic separation of cyano
cobalamin is complicated by co-eluting vitamins such as riboflavin. It 
is detected by using the 546 nm wavelength where riboflavin does not 
interfere.
Pantothenic A cid  and Panthenoi

Pantothenic acid is usually found as the calcium or sodium 
salt in solid pharmaceutical preparations and as panthenoi in 
liquid products. Pantothenic acid is colorless in solution, and 
does not have a UV chromophore to provide absorption 
above 230 nm; hence, it cannot be detected at the typical 280 
or 254 nm wavelengths. Pantothenic acid must be measured 
at a low U V wavelength or after derivatization to a compound 
possessing a strong chromophore.

Combining acid hydrolysis and fluorescamine derivatiza
tion with liquid chromatography (LC) permits determination 
of panthenoi in liquid pharmaceutical products (1) by using 
fluorescence detection. Aminopropanol, formed by the acid 
hydrolysis of panthenoi, is derivatized with fluorescamine. 
The aminopropanol-fluorescamine complex is chromato
graphed on a Cl8 column with methanol-borate buffer (0.1M, 
pH 8.0) mobile phase.

In our laboratory, a modification of this procedure was 
used to determine panthenoi in liquid multivitamin products. 
The basic procedure is to hydrolyze a sample containing 
approximately 1 mg panthenoi 30 min at 85°C with 50 mL 
0.5N HC1. After cooling, particulates are removed by cen
trifugation, then 1 mL supernate is mixed with 10 mL flu
orescamine solution (0.4 mg/mL) and diluted to 25 mL with 
1% sodium borate solution. The aminopropanol-fluoresca
mine complex is chromatographed on a p,Bondapak Cl8 col
umn with an acetonitrile-0.1M ammonium acetate (18 + 82 
v/v) mobile phase. Using fluorescence detection, the excita
tion wavelength is set at 390 nm and emission is between 475 
and 490 nm. Figure 1 shows a typical chromatogram.

This procedure is limited to samples that contain at least 
100 p.g panthenol/g. The average recovery was 99% and pre
cision was 2.9% RSD at 1.03 mg panthenol/g. The procedure 
is not adequate for vramin stability studies without analyzing

This paper was part of the symposium “ Instrumental Methods for the Analysis of Vitamins” which was held at the 97th Annual International Meeting of the AOAC. Oct. 3-6, 1983 at Washington, DC.Accepted April 26. 1984.

for aminopropanol separately. Excellent agreement was found 
when the LC method was compared with the microbiological 
procedure.

Pantothenic acid is more difficult to determine because of 
interferences during derivatization. Pantothenic acid hydro
lyzes to (3-alanine and pantoyl-lactone, and (3-alanine can be 
derivatized with ninhydrin, l,2-naphthoquinone-4-sulfonate, 
hydroxylamine-sodium hydroxide, 2,7-naphthalenediol, or 2,4- 
dinitrophenylhydrazine to produce colored compounds (2-
7). These procedures are lengthy and can require extensive 
sample cleanup before the hydrolysis step because of various 
interferences from vitamin B,, vitamin B:-5-phosphate, nia
cinamide, zinc, copper, manganese, and molybdenum. Ion- 
exchange sample cleanup on Dowex 50-X4 (H * type) is required 
to remove these interferences.

We used the fluorescamine procedure for pantothenic acid 
analysis, and although minerals did not interfere, the method 
was not totally reproducible. The fluorescamine-alanine com
plex would periodically yield 2 chromatographic peaks, and 
the cause of this is uncertain.

Pharmaceutical products and vitamin premixes can be ana
lyzed using a reverse phase LC technique (8) and low UV 
wavelength detection. Pantothenic acid is extracted from tab
lets or powdered premixes with 0.005M phosphate (pH 4.5) 
solution. Sonication thoroughly disperses the tablets to pro
mote effective pantothenic acid extraction. Most of the undis
solved material is subsequently removed by centrifugation 
and filtration. Pantothenic acid is separated from other water- 
soluble vitamins on an aminopropyl-bonded silica column 
with an acetonitrile-0.005M monobasic potassium phosphate 
(pH 4.5) mobile phase and detected at 210 nm.

Analysis using UV detection below 220 nm has inherent 
problems because of the limited number of common LC mobile 
phase solvents that have an appropriate U V cutoff and because 
of dissolved oxygen interference (9). Degassing the solvents 
used for the mobile phase via sonication under vacuum was 
very successful and much easier than heating or vacuum 
filtration alone.

A problem associated with using a phosphate-acetonitrile 
solvent system is the potential for phosphate precipitation in 
the LC column.A water-acetonitrile (90 + 10 v/v) column 
wash is very effective for maintaining column life. Our quality 
control group has used this procedure for over 18 months 
with no appreciable loss in column performance.

Figures 2 and 3 show typical chromatographic separations 
of pantothentic acid in a multivitamin-multimineral tablet and 
in a multivitamin tablet, respectively. Specificity was deter
mined by taking the sample peak corresponding to the reten
tion time of the pantothenic acid reference standard and recy
cling it through the column 4 times; no further separation 
occurred. This technique is useful for determining the pres
ence of any co-eluting substances. The identity of the peak 
as pantothenic acid was confirmed by collecting the peak 
fractions from several sample injections, removing the ace
tonitrile portion of the mobile phase, and analyzing the peak 
material by microbiological assay (10).

A linearity study (ratio of concentration to peak area) showed 
complete linearity within the concentration range selected, 
0.050-0.50 mg/mL, and a 0.998 correlation coefficient. Accu
racy of the procedure was determined by spiking a placebo
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F ig u r e  1. R e p r e s e n t a t iv e  L C  c h r o m a t o g r a m s  o f  a m in o p r o p a n o l c o m p le x  
fo r m e d  f r o m  s t a n d a r d  p a n t h e n o l s o lu t io n  a n d  s a m p le  e x t r a c t  s o lu t io n  

c o n t a in in g  p a n t h e n o l .  S e e  te x t  fo r  c o n d it io n s .

F ig u r e  2 . C h r o m a t o g r a m  o f  m u lt iv ita m in - m u lt im in e r a l ta b le t  e x t r a c t .  P A  
i s  p a n t o t h e n ic  a c id .  C o n d it io n s  a r e  g iv e n  in  te x t .

formulation and various samples with known concentrations 
of standard; precision was determined by analyzing 8 iden
tical samples on different days. Quantitative recoveries (>95%) 
and good precision were obtained for multivitamin tablets, 
fortified yeast, vitamin premix, and raw material.
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F ig u r e  3 . C h r o m a t o g r a m  o f  m u lt iv ita m in  t a b le t  e x t r a c t .  P A  i s  p a n to 
t h e n ic  a c id .  C o n d i t io n s  a r e  g iv e n  in  te x t .

Table 1 shows a comparison of results for the LC method 
described and the USP microbiological method for various 
commercial vitamin tablet samples. Low levels of calcium 
pantothenate (<3 mg/tablet) were more precisely analyzed 
by the LC procedure than by the USP microbiological method, 
and this may be related to the larger sample size required for 
the LC procedure, because any sample heterogeneity will 
have less effect with a larger sample.

This procedure was also used to analyze several commer
cial products for calcium pantothenate; Table 2 shows the 
results.

Two limitations of this method have been identified: First, 
the limit of sensitivity is approximately 1 mg/g sample. Although 
the method can be used to analyze most tablet products, 
further sample manipulation is necessary for analysis of most 
food products. Second, the aminopropyl column must be 
checked for system suitability, because of observed varia
tions in performance of columns from different manufactur
ers.
Biotin

Biotin is one of the lesser known water-soluble vitamins. 
It has had limited use in fortified vitamin products, mainly 
because of its high cost. Biotin is found at 50% USRDA or 
less in many commercial products. Biotin is a coenzyme 
essential in amino acid metabolism and in maintenance of 
skin, hair, and nerves. It also has an important role in growth, 
decarboxylation of amino acids, and carbohydrate metabo
lism.

The microbiological assay using Lactobacillus plantarum 
is the most common analytical assay for biotin. Microbio
logical procedures require 18-24 h incubation in addition to 
sample preparation time to obtain final results. This is obviously 
not amenable to rapid quality control testing. Positive inter-
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T a b le  1 . C o m p a r i s o n  o f  p a n t o t h e n ic  a c id  r e s u l t s  f ro m  U S P  m e th o d  
a n d  L C  m e th o d

Found,6 mg/tablet (±  SD)

Product8 Label, mg/tab.__________LC_____________ USP

A 3.0 3.65 ± 0.075 3.73 ± 0.176
B 3.4 3.81 ± 0.099 3.88 ± 0.178
C 2.0 2.87 ± 0.041 2.66 ± 0.188
D 40.0 46.78 ± 0.823 47.0 ± 2.851
E 64.0 68.77 ± 2.077 67.84 ± 2.763
F 70.0 67.96 ± 1.990 66.47 ± 3.661
G 80.0 86.69 ± 1.830 87.41 ± 4.014

8A-C: multivitamin-multimineral tablets.
D-F: B-complex tablets.
G: stress formula B-corrplex tablet.

'’Average of 5 determinations.

T a b le  2 . P a n t o t h e n ic  a c id  fo u n d  in  c o m m e r c ia l  p r o d u c t s  
b y  L C  p r o c e d u r e

Product Label, ng/tab. Found, |o.g/tab.

A 20 27
B 20 29
C 10 14
D 10 12
E 2.5 3.1

T a b le  3 . C o m p a r is o n  o f  b io t in  r e s u l t s  f ro m  L C  a n d  m ic r o b io lo g ic a l  
m e t h o d s

Product Microbiol. LC

B-Complex tablets 460 pg/tab. 450 p.g/tab.
Vitamin premix 1 4.3 mg/g 4.0 mg/g
Vitamin premix 2 3.8 mg/g 4.5 mg/g

T a b le  4 . R e p l ic a b i l i t y  a n d  r e c o v e r y  r e s u l t s  fo r  L C  d e te r m in a t io n  o f
c y a n o c o b a la m in  in  v a r io u s  p r o d u c t s  a n d  p r e m ix e s

Product Av. found8
Replicability, 

% RSD6 Ree., %

Vitamin concentrate 175.8 pg/g 3.8 95.3
Vitamin premix 1 1.95 (xg/g 1.1 93.0
Vitamin premix 2 13.22 p.g/g 5.0 100.0
B-complex 32.0 p.g/tab. 1.3 96.0
Product A (with Fe) 7.2 (xg/tab. 2.1 103.5
Product B 15.4 p.g/mL 4.1 93.0
Product C 3.3 p.g/tab. 6.8 90.3
Product D (for children» 2.1 p.g/tab. 2.3 98.0

“Cyanocobalamin added at levels of 50, 100,150, and 200% of 
theoretical.

6A homogeneous sample was divided into 5 portions and B,2 was 
determined on 2 different days.

ferences due to the growth-stimulating compounds, oleic and 
aspartic acids, have been reported (11). We are not aware of 
any published LC methods for biotin in pharmaceutical or 
food products.

Our laboratory has an ongoing program to develop chem
ical procedures for vitamins contained in our tablet and food 
products. This report describes the preliminary investigation 
of the LC analysis for biotin in fortified tablet products. The 
procedure is currently being refined. Biotin does not have an 
adequate UV-absorbing chromophore; UV detection at typ
ical wavelengths (254 or 280 nm) is not feasible. However, 
we did investigate low wavelength detection, as described 
for pantothenic acid analysis.

Biotin was extracted with a phosphate buffer solution and 
chromatographed on an aminopropyl column. Interferences 
from riboflavin and pyridoxine made quantitation difficult

because these vitamins co-elute with biotin, and baseline 
resolution could not be obtained. Column variation was a 
problem because retention times were erratic.

We made various attempts to clean up the sample by grav
ity column chromatography. Sample cleanup columns con
taining bonded silica from various manufacturers were exam
ined. A Sep-Pak C18 cartridge was effective, but biotin was 
not completely isolated from water-soluble riboflavin.

The current procedure for isolating biotin is applicable to 
preparations that contain at least 300 p-g biotin. The samples 
are dissolved with sonication in 25 mL of pH 3.5 potassium 
phosphate, and centrifuged 5 min at 10 000 rpm to remove 
most particulates. A 2 mL aliquot is filtered through a 0.45 
pm filter, placed on a C18 Sep-Pak column, then washed with 
2 mL water followed by 3 mL phosphate buffer and 2 mL 5% 
acetonitrile-phosphate buffer. Biotin is eluted with 15% ace
tonitrile-phosphate buffer.

Chromatographic separation was performed on a Vydac 
HS C18 column (250 mm x 4.5 mm id), 5 pm particle size, 
using a pH 3.5, 0.01M KH2P 0 4-acetonitrile (90 + 10 v/v) 
mobile phase and detection at 230 nm. Figures 4 and 5 show 
typical chromatograms. A linearity study of biotin over the 
range 75-300 pg/mL gave a 0.989 correlation coefficient.

The Vydac column was the most suitable for this type of 
analysis. Other columns, such as Waters pBondapak and 
Merck Hibar did not demonstrate the efficiency required to 
separate biotin from riboflavin with the aforementioned mobile 
phase. It is likely that the column stationary phase loading is 
important in this type of separation.

Replicability and recovery data for biotin have been obtained 
for this procedure. Precision was determined by dividing a 
homogeneous sample into 8 fractions. These samples were 
tested on different days. Recovery was measured by spiking 
a placebo material at levels from 50 to 200% of theoretical 
value. Average recovery was 94.2% with a 5.08% relative 
standard deviation for B-complex tablets and vitamin pre
mixes.

Selectivity of the procedure was studied by comparing LC 
results with microbiological results (12) (Table 3).

At this time, the LC procedure is applicable only to mul
tivitamin products containing at least 150 pg biotin/tablet. 
However, the procedure is useful for premix testing, because 
testing time for this aspect of production can be decreased.

Apparent interferences from minerals lower the recovery 
of biotin from multivitamin and multimineral products. We 
are currently attempting to identify the interfering minerals. 
A concentration or derivatization step is needed so lower 
biotin levels can be determined.
Cyanocobalamin

Vitamin B,2 (cyanocobalamin) contained in finished prod
ucts and vitamin premixes is usually measured by the AOAC 
microbiological procedure (13). Raw materials can be deter
mined spectrophotometrically as well (14, 15). Spectropho- 
tometric methods, in addition to being limited in sensitivity, 
are susceptible to interferences from colored excipients.

Until recently, routine application of LC for assay of cyano
cobalamin in pharmaceutical products had not been reported. 
Butte et al. (16) used dual column reverse phase chromato
graphy to measure various cobalamin analogs in plasma. 
However, this procedure would be too intricate and time- 
consuming for routine product analysis.

The following procedure is applicable to the analysis of 
cyanocobalamin in pharmaceutical products, premixes, and 
raw material (17): A sample containing between 20 and 100 
p-g cyanocobalamin is extracted using either DMSQ-water
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F ig u r e  4 . B io t in  s t a n d a r d  c h r o m a t o g r a m  a n d  c h r o m a t o g r a m  o b ta in e d  
f ro m  m u lt iv ita m in  ta b le t  e x t r a c t .  P e a k  B  i s  b io t in .

F ig u r e  5 . B io t in  s t a n d a r d  c h r o m a t o g r a m  fo l lo w e d  b y  c h r o m a t o g r a m  
o b t a in e d  f r o m  v it a m in  p r e m ix  e x t r a c t .  P e a k  B  i s  b io t in . C o n d it io n s  a r e  

g iv e n  in  te x t .

(50 + 50 v/v) or 0.5% ammonium pyrrolidine dithiocarbamate 
(APDC) and 2% citric acid in DMSO and water (50 + 50 v/v). 
Samples that contain vitamin C and/or copper and iron ions 
require the latter extraction system to stabilize vitamin B12 in 
solution and to achieve complete recovery of the vitamin.

F ig u r e  6 . C h r o m a t o g r a m  o f  c y a n o c o b a la m in  s t a n d a r d  a n d  c h r o m a t o 
g r a m  o f  v it a m in  p r e m ix  c o n c e n t r a t e  e x t r a c t .  P e a k  B 12 i s  c y a n o c o b a la m in .  

C o n d it io n s  a r e  g iv e n  in  te x t .

F ig u r e  7 . C y a n o c o b a la m in  s t a n d a r d  c h r o m a t o g r a m  f o l lo w e d  b y  c h r o 
m a t o g r a m  o b t a in e d  f ro m  m u lt iv ita m in - m u lt im in e r a l ta b le t  e x t r a c t .  C o n 

d it io n s  a r e  g iv e n  in  te x t .
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T a b le  5 . C o m p a r is o n  o f  L C  a n d  m ic r o b io lo g ic a l  a s s a y  r e s u l t s  fo r  

c y a n o c o b a la m in

Product LC Microbiol.

B-complex 32.0 (o-g/tab. 32.6 (j.g/tab.
Product A 15.4 p.g/5 mL 14.9 p.g/5 mL
Product B (with Fe) 7.2 ng/tab. 7.6 (ig/tab.
Multivitamin concentrate 179.6 (ig/g 175.5 (ig/g

T a b le  6 . L C  d e te r m in a t io n  o f  c y a n o c o b a la m in  in  c o m m e r c ia l  p r o d u c t s

Label, Found,
Product____________________^.g/tab._______ pg/tab.

Product A 2.3 3.31
Product B 5 7.0
Product C 9 9.6
Product D 9.0 10.8
Product E 9.0 11.0
Product F multivitamin-multimineral 9.0 11.2
Product G multivitamin-multimineral 10 12.1
Product H enriched B-complex 30 35.2
Product I Bi2 50 54.2
Product J balanced B-50 50 60.7
Product K Bi2 250 255

Cyanocobalamin appears stable in the presence of ascorbic 
acid alone, but ascorbic acid with copper and possibly iron 
ions cause loss of cyanocobalamin (18). APDC and citric acid 
apparently complex with the metal ions, thereby enhancing 
B12 stability in solution. After the sample is shaken in the 
extraction solution 45 min at 55°C, the cooled sample is cen
trifuged to remove particulates. A portion of the supemate is 
filtered through a 0.45 p.m filter before LC separation and 
analysis. Cyanocobalamin was separated from other water- 
soluble vitamins on a C I8 p.Bondapak column (250 x 4.6 mm 
id) using a methanol-water gradient (15 + 85 to 50 + 50) 
over 15 min. Hydroxycobalamin does not co-elute with cyano
cobalamin under these conditions.

Cyanocobalamin was detected at 546 nm rather than 278 
or 361 nm wavelengths. Although the B l2 absorption at 361 
nm is about 3 times that at 546 nm, the chromatographic peak 
from co-eluting riboflavin overwhelms the B ,2 peak at 361 
nm. Riboflavin is usually present at concentrations 100 to 200 
times that of B ,2 in pharmaceutical products, but it does not 
absorb strongly at 546 nm and, therefore, does not interfere 
with baseline resolution of B12 (Figures 6 and 7).

A linearity study conducted with B ,2 standard concentra
tions from 0.50 to 50 pg/mL gave a 0.998 correlation coeffi
cient. Table 4 shows the replicability and recovery results. 
Replicability was determined by splitting a homogeneous 
sample into at least 5 portions and testing for B l2 on 2 different

days. Recovery was measured by spiking a known quantity 
of cyanocobalamin into an actual sample or placebo. A pla
cebo in this case is a specially prepared material containing 
all product components except cyanocobalamin. Cyanoco
balamin was added at levels of 50, 100, 150, and 200% of the 
theoretical level.

Results from the LC procedure compared favorably with 
those obtained by microbiological assay (Table 5). The sam
ples tested contained only cyanocobalamin and potentially 
hydroxycobalamin as a decomposition product. Thus, differ
ences due to multiple cobalamin analogs were not possible, 
and any difference found would be due to method accuracy 
for cyanocobalamin.

The LC procedure was used to test several commercial 
vitamin products (Table 6). There was no analytical difficulty 
for any of the products listed; however, 2 products contained 
a colored material that interfered with the B ,2 analysis.

The basic limitation of this procedure is the low sensitivity 
to cyanocobalamin. As described for the method, samples 
must contain at least 0.8 |xg cyanocobalamin/g product. To 
adapt this procedure to food products will require further 
studies on potential concentration techniques using Sep-Pak 
or Baker cleanup columns.
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Liquid Chromatographie Determination of Vitamin B-6 in Foods
JOSEPH T. VANDERSLICE, STELLA R. BROWNLEE, and MARIANN E. CORTISSOZ
U.S. Department o f  Agriculture, Beltsville Human Nutrition Research Center, Nutrient CompositionLaboratory, Beltsville, MD 20705
Chromatographic analysis for vitamin B-6 in complex samples imposes 
certain requirements on the analyst, who must extract completely the 
bound, unstable vitamers without loss, remove interfering compounds, 
and provide clean extracts for analysis. The analyst also has to contend 
with the problems inherent in all methods, such as sample collection, 
storage, preparation, and homogenization. However, chromatography 
provides a means of identifying and quantitating all forms of the vita
min, and thus provides the possibility of addressing the problem of the 
bioavailability of specific vitamers. It also allows automation, which is 
absolutely essential in coping with the large numbers of samples that 
are generated in areas such as quality control. These factors are all 
addressed here, and chromatographic results for various meat and 
other food products are presented to illustrate the variations in vitamin 
content that occur from sample to sample, the agreement with micro
biological results, and that liquid chromatography (LC) has come of 
age in dealing with complex biological samples, such as food and food 
products.

A number of difficulties must be recognized and overcome 
by the analyst who uses liquid chromatography (LC) for the 
determination of vitamin B-6  in foods. Many of these prob
lems are not unique to vitamin B-6  analysis, but are likely to 
be encountered in the analyses of other vitamins.

The problems can be grouped under 3 main headings: (1) 
collection, handling, and preparation of samples, (2 ) extrac
tion and cleanup of complex samples, and (3) developing LC 
procedures that yield satisfactory results for food samples. 
We will also briefly comment on the problems encountered 
in addressing the question of bioavailability of the different 
vitamin forms. The data presented for pork, chicken, and 
tuna show that we found a surprisingly large variation in the 
vitamin B-6  content of supposedly similarly fed types of ani
mals. Nutrient variability that occurs within a product or 
species has not been considered to any great extent by stat
isticians and nutritionists concerned with the nutrient content 
of a given diet.
V i t a m e r  S t r u c t u r e s ,  F o r m s  i n  F o o d ,  S ta b i l i t y

There are 6 forms that exhibit vitamin B-6  activity: pyri- 
doxamine (PM), pyridoxamine phosphate (PMP), pyridoxine 
(PN), pyridoxine phosphate (PNP), pyridoxal (PL), and pyr- 
idoxal phosphate (PLP). Figure 1 shows these structures as 
well as pyridoxic acid (4-PA), the metabolic byproduct of 
vitamin B-6 . Of these six, in the free form PN is the most 
stable vitamer; the others are much more unstable, particu
larly in basic solution, with PLP the most unstable. When the 
vitamers (e.g., PMP or PLP) are bound to proteins, they are 
reasonably stable and can be stored for weeks without loss, 
particularly in muscle tissue.

Of the forms shown, it is generally agreed that PMP and 
PLP are the principal vitamers in meat, fowl, and fish; PN is 
the predominant form in fruits and vegetables. PLP is the 
predominant vitamer in fresh muscle tissue, but it is rapidly 
converted to PMP through transamination in cooking (1). 
Both PLP and PMP are bound to protein in muscle tissue, 
while there is little evidence for any PN binding, when it is
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present. In rice bran, however, it has been shown that PN is 
bound to a glucose molecule (2), and there are indications of 
unknown bound forms of PN and PL in orange juice (3).

Foods that contain approximately 5 |xg vitamin B-6/g are 
considered good sources of this nutrient. In a complex food 
sample, however, the percentage of any given vitamer that 
is available to human digestion and absorption is question
able.
B io a v a i l a b i l i t y

The total amount of vitamin B-6  in a sample may not nec
essarily be a true measure of that available to a human. There 
are antagonists of vitamin B-6 . The principal ones are either 
analogs, such as 4-deoxypyridoxine (4-DP), which compete 
with the coenzyme for binding sites on the apoenzyme, or 
hydrazides, which form hydrazones with PLP and inactivate 
the coenzyme (4-6). Thus, hydrazide drugs are particularly 
effective inhibitors because they form strong complexes with 
the aldehyde forms of the vitamin. Figure 2 shows typical 
structures of some antagonists.

Snell (7) has observed that, in biological systems, PL can 
complex with amino acids to form reaction products; Figure 
3 shows some of these. Reaction products exhibit reduced or 
no vitamin activity in humans. Food processing can cause a 
loss of vitamin activity through the formation of reaction 
products that are unavailable to the organism. The cysteine- 
PL product shown in Figure 3 can be found in stored, heat- 
sterilized samples of milk. Gregory and Kirk have demon
strated that e-pvridoxyllysine, a compound found in many 
food samples, has only partial vitamin activity and can be 
formed from vitamin B-6  during storage (8 , 9).

A classic example that illustrates the effect of antagonists 
on vitamin B-6  bioavailability describes how the addition of 
linseed meal to a diet for chickens seriously inhibited their 
growth. The responsible antagonist was found to be 1-amino- 
D-proline (Figure 2), a secondary hydrazine which forms sta
ble hydrazones with PL and PLP (10, 11). These hydrazones 
are, however, easily broken up with water treatment and 
drying. Thus, extraction followed by subsequent analysis 
would have indicated a diet adequate in vitamin B-6 , when 
in fact, the vitamin, in a bound form, was mostly unavailable 
to the animals.

Table 1 lists the observed vitamin activity in animals for 
some known bound forms of the B-6  vitamers. Vitamin activ
ity is expressed as a percent of the activity of the unbound 
form. Thus, to accurately report the bioavailable amounts of 
B-6  in a diet, the extraction procedures used must mirror 
those of the body’s digestive and absorption systems, a truly 
formidable job for the analyst.

LC Analytical Systems
Several LC systems can successfully separate and quan

titate all the forms of vitamin B-6  in foods. We present just 2 
examples here: an anion-exchange procedure, and an ion
pairing reverse phase separation. Figures 4 and 5 show chro
matograms of standard samples for these 2 completely dif
ferent analytical systems. Details of the anion-exchange sep
aration are given in the literature (13); the reverse phase 
procedure is a modification by Feldstein and Gregory (14) of
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Pyridoxamine (PM) Pyridoxine (PN) Pyridoxal (PL)

Pyridoxamine phosphate (PMP) Pyridoxine phosphate (PNP) Pyridoxal phosphate (PLP)

COOH

4-Pyridoxic acid (4-PA)

F ig u r e  1 . M o le c u la r  s t r u c t u r e s  fo r  t h e  B -6  v it a m e r s  a n d  t h e ir  m e t a b o lic  p r o d u c t ,  4 - p y r ld o x ic  a c id .

4-Deoxypyridoxine (4-DP) l-amino-D-proline

(a) (b)

F ig u r e  2 . A n t a g o n is t s  o f  v it a m in  B -6 . (a )  a n  a n a lo g ,  (b ) a  h y d r a z in e  fo u n d  
in  l in s e e d  m e a l .

an earlier separation by Tryfiates and Sattsangi (15). Both 
systems are capable of handling complex food samples after 
extraction and cleanup, and the systems are fully automated.

Each analytical scheme has certain advantages and disad
vantages. The anion-exchange procedure uses a resin with a 
polystyrene-divinyl benzene co-polymer backbone. Such resins 
are particularly tough and stable, and have long lifetimes (5- 
6  years). Elution is isocratic in this procedure and, hence, 
column regeneration is not required after each run. The dis
advantage of this anion-exchange method is the inefficiency 
caused by the relatively long (60 min) elution times that are 
required. Unfortunately, the resin manufacturer must have 
changed its production process, because the latest lots of this 
resin do not have the same characteristics as earlier lots, and 
are unsatisfactory. The reverse phase procedure, on the other 
hand, is much more efficient and separations are achieved in 
half the time required for the anion-exchange procedure. 
Elution, however, is not isocratic so column regeneration 
after each run is necessary. Column lifetimes are about 6 

months to 1 year.
At present, there are no known gas chromatographic pro

cedures to analyze for all 6 vitamers, mainly due to the dif
ficulty of forming volatile derivatives of the phosphate vita
mers (16). Cleanup procedures also cause problems.
A u to m a tio n

Automation is a necessity today because large numbers of 
samples require analysis. LC methods are easily automated 
with present-day technology. Figure 6 illustrates the auto
mation of the anion-exchange method mentioned earlier (17); 
an inexpensive microprocessor has been used to trip relays

which, in turn, switch valves at predetermined times. As 
shown in Figure 6 , the position of the valves determines the 
nature of the column stream, the sample to be injected, and 
whether the solvent will pass through 1 or 2 columns. The 
microprocessor is also used to switch the excitation and emis
sion wavelengths of the fluorescence detector at given times. 
This system illustrates all that is needed for automation: (1 )  
the ability to trip external relays, and (2 ) wavelength control 
of the detector.

At present, automation can be even easier than the above 
scheme. Some currently available automatic injection sam
plers have incorporated relay controls, as well as automatic 
start controls for the detector and integrator. There are also 
detectors that can be pre-programmed to switch wavelengths 
at specified times. These advances in instrumentation elimi
nate the need for any external microprocessor.

Extraction and Cleanup Procedure

In the extraction of vitamin B-6  from foods, the analyst is 
attempting to recovery unstable organic molecules at con
centrations of 1 ppm or less from an organic matrix. An acid 
extraction is usually used for vitamin B-6 analysis. Early 
extraction procedures, using HC1 in conjunction with auto
claving, have generally been replaced by procedures that use 
trichloroacetic, perchloric, tungstic, metaphosphoric, or sul- 
fosalicylic (SSA) acid (16). These acids do not destroy the 
phosphorylated forms of the vitamin. The selected extraction 
procedure must be compatible with the final analytical pro
cedure to yield relatively clean extracts, free of interfering 
compounds. The recently developed SSA method (18) yields 
clean extracts for analysis, and is compatible with both the 
anion-exchange and reverse phase analytical procedures 
mentioned earlier. Figures 7-10 show chromatograms obtained 
with the SSA extraction of a variety of biological samples 
(18-20). Although these chromatograms resulted from using 
the anion-exchange procedure, similar, clean chromatograms 
are also obtained with the reverse phase procedure (13). The 
chromatograms shown are free of interfering compounds. 
Recoveries range from 95-100% for all samples. SSA extrac
tion does not work for all types of food samples, as shown 
by the interferences in Figure 11, a chromatogram of a green 
pepper extract.
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T a b le  1 . A c t iv it y  o f  s o m e  b o u n d  f o r m s  o f  v it a m in  B -6 *

Investigator Food Bound form Activity(%)

Yasumoto et al. (2) rice bran PN-glucoside 100
Kratzer et al. (10) linseed meal 

(chicken feed)
PL-hydrazone 0

Nelson et al. (3) orange juice PN, PL-90% bound, 
PM-20% bound, 
unknown-MW <3500

40

Bernhart et al. (12) milk PL-cystehe 20
Gregory & Kirk (8, 9) formulated cereal e-pyridoxyllysine 

50% bound after storage
60

"Vitamin activity expressed as % of activity of unbound form.

Table 2. Vitamin B -6  content of separable lean pork loin samples
Vitamer content, nmol/g"

CV, % Range
Packer Grade PMP PN PLP Total (total) (total)

A 1 4.4 ±  0.7 1.0 ±  0.4 27.0 ± 8.0 32.1 ± 7.1 22 19-49
2 4.3 ± 0.9 1.5 ± 1.0 25.0 ± 6.0 31.9 ± 4.5 14 26-40
3 4.7 ± 1.3 1.0 ± 0.5 28.8 ± 9.1 35.0 ± 7.7 22 23-47

Av. 4.5 ± 1.0 1.2 ± 0.6 26.9 ± 7.7 33.2 ±  6.6 20

B 1 4.5 ±  0.8 0.86 ±  0.26 24.7 ±  5.7 30.2 ±  6.0 20 19-37
2 3.7 ±  1.1 1.1 ±  1.3 23.3 ±  6.2 29.2 ±  4.0 14 24-37
3 4.1 ±  1.2 1.4 ±  0.6 25.7 ±  6.1 31.6 ±  6.4 20 25-32

Av. 4.1 ±  1.0 1.2 ±  0.7 24.6 ±  6.0 30.4 ±  5.4 18

"Wet basis, mean ±  SD. PMP =  pyridoxamine phosphate, PN =  pyridoxine, PLP =  pyridoxal phosphate. Ten samples analyzed for each grade.

T a b le  3 . V ita m in  B -6  c o n t e n t  o f  r a w  s e p a r a b le  le a n  c h ic k e n  ( r o a s t e r s )

Vitamers found, nmol/g"

CV, % Range
Producer Part PMP PLP Total (total) (total)

A Breast 3.73 ± 1.25 44.01 ± 15.26 47.74 ± 15.31 32 32-67
Thigh 4.33 ± 0.48 14.17 ± 2.95 18.50 ± 3.10 17 17-23
Leg 3.99 ± 0.55 12.05 ± 3.56 13.63 ± 2.13 16 11-16

B Breast 4.63 ± 1.28 42.71 ± 9.38 47.35 ± 8.96 19 36-57
Thigh 4.28 ± 0.41 15.50 ± 2.15 19.78 ± 2.42 12 17-22
Leg 5.21 ± 0.87 16.83 ± 2.74 21.73 ± 2.42 11 18-24

"Wet basis, mean ± SD. PMP = pyridoxamine phosphate, PLP = pyridoxal phosphate. Five samples analyzed for each part.

Sample Handling— Collection, Homogenization, and Storage

The procurement of a representative food sample is most 
often a difficult task. It would be difficult, for example, to 
obtain a sample of pork loin representative of what is con
sumed by the general population. The selection of such a 
sample for analysis involves a study of diets, major produc
tion sources, selection of grades of meat, marketing analyses, 
and consumption patterns. Unless an extensive statistical 
study is done for each of these factors, an enormous number 
of samples would have to be analyzed to obtain reliable, 
representative data (21). Because such capabilities are often 
beyond the scope of most laboratories, analysts usually ignore 
these factors. However, one should consider sampling factors 
when investigating the nutrient composition of a food prod
uct.

Sample uniformity is usually not a problem for liquid sam
ples. The nonhomogeneity of solid samples originally caused 
problems until the appearance of the Robot-Coupe and other 
food processors. Sample homogenization using these proces
sors provides the desired uniformity for vitamin B-6  analysis. 
For example, it would be possible to obtain a uniform, 1 or 2 
g aliquot for analysis from a food sample originally weighing 
250 g.

After homogenization, some samples, such as muscle tis
sue and fortified breakfast foods, can be frozen and stored 
for months without appreciable loss of vitamin content (19, 
20). Liver samples, on the other hand, are unlikely candidates 
for storage, on the basis of our rat liver tissue analyses (2 0 ), 
where differences in sample handling produced variable results. 
Specific protocol for sample handling and storage must be 
developed for each new class of products; in some cases, 
immediate analysis may be warranted.

Vitamin Content and Variation in Some Meat and Fish

LC has been used to determine vitamin B-6  content of 
various food samples, and these values have been reported 
in the literature 114, 20 plus references cited therein). In the 
results presented here, we were concerned not only with the 
forms and amounts of vitamin B-6  in the different meat and 
fish products, bu: also in the variations observed from carcass 
to carcass within species and source.

Fresh pork, fresh chicken, canned tuna, and fully cooked, 
smoked hams were chosen for analysis. Raw pork center loin 
samples from carefully selected carcasses were obtained from 
2  geographically dispersed packing plants and were prepared 
as previously described (21). Two brands of fresh chicken
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F ig u r e  3 . R e a c t io n  p r o d u c t s  b e t w e e n  p y r id o x a l a n d  (a ) h is t id in e ,  (b ) g ly c in e ,  a n d  (c )  c y s t e in e .

Interval(m1n)
Tine Program 

ex(nm) en(nn) columns
0-23.4 310 380 1

23.5-39.5 280 487 142
39.6-52.3 310 380 142
52.4-79.0 280 487 1

Perk1n-Elmr SHt Widths : 20 ran

T I M E

F ig u r e  4 . C h r o m a t o g r a m  o l  a n a ly t ic a l  s e p a r a t io n  o l  v it a m e r s  w ith  a n io n - e x c h a n g e  c o lu m n . 3 - H y d r o x y p y r id in e  ( H O P )  u s e d  a s  in t e r n a l s t a n d a r d .  S e e
F ig u r e  1 fo r  v it a m e r  n a m e s .

roasters were selected locally and dissected into the usual 
retail parts. The breasts, thighs, and legs were skinned, boned, 
and homogenized, as described under S a m p le  H a n d l in g  prep
aration. All samples were frozen before analysis. The differ
ent types and brands of canned tuna were selected locally, 
drained of oil or water, and homogenized before analysis. 
Smoked hams were obtained from 4 different geographically 
dispersed packers, fabricated into shank and butt portions, 
cooked to an internal temperature of 140°F, and the cooked 
portions were composited. Each composite represented 6 

portions collected at the same plant on the same day. The 
samples were frozen until analysis.

Table 2 gives results for the vitamin B-6  content of raw 
pork loins. Each sample analyzed represents the separable 
lean from a whole oin from a different carcass. Duplicate 
analyses on the same sample agreed within 5%. Analysis of 
variance indicates that there is no significant difference between 
grades or packing plants. It is surprising, however, to find 
such a large coefficient of variation (CV) and range of values 
for the same cut from carcass to carcass. Trace metal and 
other nutrient analyses also indicated surprisingly large vari
ation between carcasses (21). The observed variation is not 
due to the methodology; the microbiological results discussed 
later agreed with the LC results. A large variation between 
carcasses presents a problem for the statistician who might

be interested in determining the probability of finding a given 
amount of vitamin B-6  in a particular pork loin sample.

Table 3 presents data obtained for the vitamin B-6  content 
of different chicken parts from 2 producers. Again, each 
sample represents a different carcass. The CV for duplicate 
analyses of the same sample is less than W o . There is a definite 
difference in the vitamin content of chicken breast vs thigh 
or leg, with the former containing significantly more vitamin 
B-6  than the latter—an observation previously reported (1). 
For breast and thigh, there is no significant difference in 
vitamin content between producers, while the f-test does 
indicate a significant difference for legs. This last result may 
be because sampling was limited. Again, the CV is larger than 
expected, particularly for breast meat across carcasses.

Table 4 shows the vitamin B-6  content of different types 
of canned tuna. The sixteen samples for each type comprise 
4 samples from 4 different producers. There was no significant 
variation between samples from the same producer or between 
samples from different producers. Also, there is no significant 
difference in vitamin B-6  content among different types. It is 
interesting to note that CV values are less for tuna than for 
either fresh pork or chicken, despite the inherent variability 
in the tuna-canning process.

Table 5 shows vitamin B-6  content for high salt- and low 
salt-cured pork samples. We found no significant difference
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1003

Vitamers found, nmol/g8

Type PMP PM PN PLP Total
CV, % 
(total)

Range
(total)

Chunk light, 
water pack

10.72 ± 1.29 10.80 ± 1.58 0.44 ± 0.31 0.68 ± 0.16 22.64 ± 1.27 6 21-24

Chunk light, 
oil pack

9.66 ± 0.22 6.92 ± 1.65 0.29 ± 0.59 0.95 ± 0.34 19.51 ± 1.92 10 18-23

Solid white, 
water pack

11.36 ± 1.81 9.40 ± 2.43 0.12 ± 0.14 0.95 ± 0.42 21.86 ± 2.55 12 18-24

Solid white, 
oil pack

11.17 ± 0.16 6.79 ± 1.87 __ b 1.79 ± 1.00 18.95 ± 1.94 10 17-29

“Wet basis, mean ± SD. PMP = pyridoxamine phosphate, PM = pyridoxamine, PN = pyridoxine. PLP = pyridoxal phosphate. Sixteen samples 
analyzed for each type.

'’None detected.

F ig u r e  5 . C h r o m a t o g r a m  o f  a n a ly t ic a l  s e p a r a t io n  o f  v i t a m e r s  w it h  io n -  
p a ir in g ,  r e v e r s e  p h a s e  p r o c e d u r e .  C h r o m a t o g r a m  s u p p l ie d  

b y  F e ld s t e in  a n d  G r e g o r y  (1 4 ).

between the high and low salt-curing methods. Although data 
are not shown, we found no significant difference between 
butt and shank ends. No trace of PLP was found in these 
cured pork samples, even though Polansky and Toepfer (1) 
reported a significant amount of this vitamer in their study. 
CV values for cured pork analyses are similar to those for 
canned tuna.
V a r ia b i l i t y  i n  L o s s  o f  V i t a m i n  B - 6  i n  C o o k i n g  

Preliminary data from our laboratory indicate a variability 
in percent loss of vitamin B-6 in cooking even with carefully 
controlled, identical cooking methods. We do not have enough 
data, however, to warrant statistical analysis. The data of 
Wing and Alexander (Table 6) (22), infer quite a variation in 
cooking loss from sample to sample. The variation in cooking 
loss added to the variation in vitamin content among raw 
samples makes it difficult to calculate the probability of 
obtaining a given amount of vitamin B-6 from a serving of 
chicken.

T a b le  5 . V ita m in  B -6  c o n t e n t  o f  c u r e d  p o rk

Vitamers found, nmol/gD

Type of curing8 PMP PN Total
CV, % Range 
(total) (total)

High salt 
Low salt

11.57 ± 
11.01 ±

1.28 1.66 ± 0.36 13.26 ± 1.23 
1.53 1.68 ± 0.47 12.69 ± 1.83

9 11-15 
14 11-15

8Each sample is a composite of 6 individual hams roasted to an internal 
temperature of 140°F and dissected to form samples of separable lean. 
Ten samples analyzed for each type.

"Wet basis, mean ±  SD. PMP = pyridoxamine phosphate,
PN = pyridoxine.

T a b le  6 . C o o k in g  l o s s  o f  v it a m in  B -6  in  c h ic k e n 8

% Loss

Sample Raw6, nmol/g Microwave Conventional

1 114 20 14
2 102 3.5 5.2
3 130 18 29
4 132 5.0 24
5 ___ C — —
6 102 9.9 6.4
7 148 3.6 22
8 129 6.5 34
9 113 18 7.6

10 122 14 11

Av. 136 ± 22 10.9 ± 6.7 17.0 ± 3.5
CV, % 16 61 21

“Data from Wing and Alexander (22). 
'’Freeze-dried samples.
“Excluded result.

Comparison of Microbiological and LC Results
Chromatographic results normally agree well with micro

biological results for most food samples. Gregory and 
coworkers (8, 23, 24) have made numerous comparisons of 
data obtained from their LC procedures with those obtained 
from microbiological methods. Their conclusions confirm the 
general validity of the chromatographic procedure. In fact, 
liquid chromatography is often superior to microbiological 
assays in both precision and ease.

The LC results for raw pork samples given here have been 
spot checked against the microbiological procedure by Polan
sky (25). The results for 10 of the samples are shown in Table 
7; the comparison of methods shows satisfactory agreement. 
Table 8 shows the comparison of our mean values for chicken, 
tuna, and cured ham with those composite values reported 
by Polansky and Toepfer (1). For tuna and tuna liquid, the 
results are similar for both total and individual vitamer con
tent. For chicken, the results for total content agree satisfac
torily, but there is disagreement about the number and amount
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0
0
M .

Chromatographic
Column ( m s is )

I SSR

Relay Controlled Valve

Multi Sample Inject System; 
Relay Controlled

Solid State Relays

F ig u r e  6 . D ia g ra m  fo r  a u t o m a t io n  o f  a n io n - e x c h a n g e  s e p a r a t io n  w ith  m ic r o c o m p u t e r  c o n t r o l .

RAW PORK RAW CHICKEN - THIGH

F ig u r e  7 . C h r o m a t o g r a m s  o f  e x t r a c t s  o f r a w  p o r k  a n d  s m o k e d  h a m . N o te  
a b s e n c e  o f  P L P  in  s m o k e d  h a m . 3 - H y d r o x y p y r id in e  ( H O P )  u s e d  a s  in te rn a l  

s t a n d a r d .  S e e  F ig u r e  1 fo r  v it a m e r  n a m e s .

j  MICROWAVE COOKED CHICKEN - THIGHCxZ.

of individual vitamers present. There is a definite discrepancy 
in the case of cured ham. As noted earlier, we failed to detect 
any trace of the aldehyde forms of the vitamin (PL and PLP), 
while Polansky found a significant amount (PL). Polansky 
kindly analyzed a few of our cured ham samples and obtained 
values which agreed with her published values. The reason 
for this discrepancy :s not clear at the present time.

F ig u r e  8 . C h r o m a t o g r a m s  o f  e x t r a c t s  o f  r a w  a n d  c o o k e d  c h ic k e n  t h ig h .  
3 - H y d r o x y p y r id in e  ( H O P )  u s e d  a s  in t e r n a l s t a n d a r d .  S e e  F ig u r e  1 fo r  

v it a m e r  n a m e s .

Conclusions

Our experience in vitamin B-6 analysis indicates that, with 
sufficient care in sample handling and extraction, LC tech
niques have advanced sufficiently to be used routinely in food
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TIME (min)
F ig u r e  9 .  C h r o m a t o g r a m s  o f  e x t r a c t s  o f  b r o ile d  p o r k  a n d  n o n f a t  d r y  m ilk . 3 - H y d r o x y p y r id ln e  (H O P )  u s e d  a s  in t e r n a l  s t a n d a r d .  S e e  F ig u r e  1

fo r  v it a m e r  n a m e s .

T a b le  7 . C h e m ic a l  a n d  m ic r o b io lo g ic a l  a s s a y s  o f 1 0  r a w  p o r k  s a m p le s

Sample

Total vitamin B-6, nmol/g" 

Chemical Microbiological Abs. diff.,0 %

1" 9.3 ± 1.6 9.6 ± 1.1 3.2
2 22.4 ± 0.4 25.1 ± 1.4 11.3
3 35.4 ± 1.3 37.1 ± 1.7 4.7
4 29.0 ± 1.4 29.8 ± 1.5 2.7
5 37.4 ± 0.6 33.7 ± 1.4 10.4
6 36.9 ± 0.4 36.4 ± 1.2 1.4
7 32.1 ± 0.8 34.1 ± 2.7 6.0
8 40.2 ± 2.0 38.1 ± 1.6 5.4
9 31.9 ± 1.0 32.7 ± 2.9 2.5

10 34.1 ± 1.3 31.9 ± 1.1 6.7
Av. (2-10) 33.3 33.2

"Wet basis, mean ± SD.
‘ Absolute difference of means for each sample times 100 divided by the 
average value.

"Pork fat back.

analysis and in quality control checks. Problems still exist, 
such as in the case of cured ham, but the outlook for LC 
analysis is promising. Quality control checks are important 
in infant formula processing, because formulas are normally 
the sole nutrient source in the early months of life. Figure 12 
shows a typical chromatogram for an unknown infant for
mula. The determined amount of vitamin B-6 in this sample 
agreed exactly with that added by the manufacturer.

The great advantage of chromatographic procedures is that 
they are capable of detecting and quantitating all forms of 
vitamin B-6 in biological samples. Thus, we can at least begin 
to address the problem of the bioavailability of the different 
forms. This is by no means a simple job, because evidence 
must show whether extraction procedures are recovering 
amounts of the different vitamers that are available to the 
human digestive and absorption processes.

TIME (min)
F ig u r e  1 0 . C h r o m a t o g r a m s  o f  e x t r a c t s  o f  r a w  h a m b u r g e r  a n d  c a r p .  3- 
H y d r o x y p y r id in e  ( H O P )  u s e d  a s  In t e r n a l s t a n d a r d .  S e e  F ig u r e  1 fo r  v it a m e r

n a m e s .

It is also becoming evident, as more food samples are being 
analyzed, that the variation in vitamin content between sam
ples of the same type is quite large, as is the variation in the 
loss of the vitamin in cooking. These variations make it dif
ficult to determine the probability that an individual will receive 
an adequate amount of vitamin B-6 from a given diet, and
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T a b le  8 . V ita m in  B -6  c o n t e n t  o f  s e v e r a l  c o m m o d it ie s ,  L C  v s  m ic r o b io lo g ic a l  r e s u lt s

Meat Cut

Vitamers, nmol/gi1

LC“ Microbiological'

PM & PMP PN PL & PLP Total PM PN PL Total

Chicken breast 3.86 __ d 43.36 47.54 7.76 2.60 30.4 40.76
leg & thigh 4.72 — 14.31 18.95 6.99 1.60 10.7 19.19

Tuna meat 21.14 0.30 1.50 22.3 20.6 0.30 1.50 22.4
liquid (water) 25.23 0.36 0.28 25.9 24.3 0.36 1.32 26.0

Cured ham leg 11.18 1.56 — 12.73 13.86 1.95 3.12 18.93

•PM = pyridoxamine, PMP = pyridoxamine phosphate, PN = pyridoxine, PL = pyridoxal, PLP = pyridoxal phosphate. 
“Present work.
•Ref. 1.
“None detected.

GREEN PEPPER

TIME (min)
F ig u r e  1 1 . C h r o m a t o g r a m  o f  e x t r a c t  o f  g r e e n  p e p p e r .  3 - H y d r o x y p y r id in e  ( H O P )  u s e d  a s  in te r n a l s t a n d a r d .  S e e  F ig u r e  1 fo r  v it a m e r  n a m e s .

F ig u r e  1 2 . C h r o m a t o g r a m  o f  e x t r a c t  f ro m  a n  in s t a n t  b a b y  fo r m u la . 3 - H y d r o x y p y r id in e  (H O P )  u s e d  a s  in t e r n a l s t a n d a r d .  S e e  F ig u r e  1 f o r  v it a m e r
n a m e s .

add a new dimension to meeting nutrient requirements by 
dietary measures. We believe this is going to be a difficult 
undertaking, and we foresee the need for a large amount of 
additional data on food as it is eaten by the general public.
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Liquid Chromatographic Assay of Ascorbic Acid, Niacinamide, Pyridoxine, Thiamine, and 
Riboflavin in Multivitamin-Mineral Preparations
FUK-LUEN LAM, IRA J. HOLCOMB, and SALVATORE A. FUSARI 
P a r k e - D a v i s ,  D i v i s i o n  o f  W a r n e r - L a m b e r t  C o . ,  1 7 0  T a b o r  R d ,  M o r r i s  P la in s ,  N J  0 7 9 5 0

A simple and rapid method is presented for the liquid chromatographic 
assay of ascorbic acid, niacinamide, pyridoxine, thiamine, and ribo
flavin from a single chromatogram. Ion-pair chromatography with a 
reverse phase Ct8 cartridge in a radial compression system is used. 
Quantitation is excellent with a total analysis time of less than 20 min. 
A mobile phase of methanol-water (15 + 85) (0.005M heptanesulfonic 
acid) with 0.5% triethylamine at pH 3.6 and a flow rate of 2.0 mL/min 
gives the most satisfactory separation of the 5 water-soluble vitamins. 
By using 2 detectors in series set at different wavelengths and sensitiv
ities, all 5 vitamins, with peak heights on scale, can be measured from 
a single injection; peak elution order is ascorbic acid, niacinamide, 
pyridoxine, thiamine, and riboflavin. Ascorbic acid is measured at 254 
nm and the other vitamins, at 280 nm. The amount of amine modifier 
in the mobile phase is critical to the separation of niacinamide and 
pyridoxine. Recoveries of 5 water-soluble vitamins from spiked pla
cebos were in the range of 98.2-102.0%. Confidence limits, ± 3 SD, 
were in the range of 1.0-5.4%. Overall, the results obtained using the 
liquid chromatographic method show excellent agreement with manual 
methods and automated analysis.

The determination of water-soluble vitamins in multivitamin- 
mineral preparations is a routine quality control assay. How
ever, the USP methods are tedious and time-consuming, and 
current automated methods, although fast and reliable, can 
assay only a single vitamin in each run. Another disadvantage 
is frequent interference from excipients. Hence, the devel
opment of a rapid and reliable method for the simultaneous 
liquid chromatographic (LC) assay of water-soluble vitamins 
is necessary.

A number of papers on this subject had been published 
when we initiated our project in 1979. Two or more vitamins 
had been assayed simultaneously by chromatographic tech
niques such as ion-exchange (1), liquid-solid (2), reverse phase

Part of this work was presented in the Anachem Symposium, Wayne State 
University, Detroit, MI (October 1980).
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ysis of Vitamins”  which was held at the 97th Annual International Meeting of 
the AOAC, Oct. 3-6, 1983, at Washington, DC.

(3-5), and ion-pair (6) chromatography. Meanwhile, others 
(7,8) reported the LC assay of 4 different vitamins: niacinam
ide, pyridoxine, thiamine, and riboflavin from a single injec
tion. Among these different approaches, we were most inter
ested in the ion-pair reverse phase LC method using a C|8 
cartridge with a radial compression system. This paper pre
sents the application of the developed method to the analysis 
of ascorbic acid, niacinamide, pyridoxine, thiamine, and ribo
flavin in several commercial multivitamin-mineral prepara
tions.

METHOD

R e a g e n t s  a n d  M a t e r i a l s
(a) Vitamin standards— Ascorbic acid, Niacinamide, Pyr

idoxine Hydrochloride, Thiamine Hydrochloride, and Ribo
flavin (USP Reference Standards). Alternatively, in-house 
working standard such as thiamine mononitrate, assayed 
against USP Reference Standard, may be used.(b) Chemicals.—Triethylamine (Matheson Coleman and 
Bell), 2-monothioglycerol (Evans Chemetics, Inc.), heptane
sulfonic acid, sodium salt, LC grade (Fisher Scientific Co.), 
methanol (Burdick and Jackson Co.), and glacial acetic acid, 
LC grade (Baker).

(c) Mobile phase.—'Transfer 2.20 g heptanesulfonic acid 
sodium salt and 100 mg EDTA to large beaker containing ca
1.5 L glass-distilled water. Add ca 48 mL glacial acetic acid 
and pipet 10 mL triethylamine into aqueous solution. Mix 
well and measure pH. If pH is not 3.6 ± 0.05, adjust with 
acetic acid or triethylamine. Transfer aqueous solution to 2 
L glass-stopper cylinder and dilute to 1700 mL with water. 
Add 300 mL LC grade methanol. Filter solution through 0.45 
pm Teflon filter. Degas briefly before use.(d) Buffer solution, pH 3.6.—Add 48 mL glacial acetic acid 
and 10.0 mL triethylamine to 1.5 L water. Mix well and 
measure pH. If pH is not 3.6 ± 0.05, adjust with acetic acid 
or triethylamine. Transfer aqueous solution to 2 L glass- 
stopper cylinder and dilute to 1700 mL with water.
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F ig u r e  1 . L in e a r i t y  s t u d y  o f  a s c o r b i c  a c id  a t  2 5 4  n m .

A s s a y  P r e p a r a t i o n s
(a) D o s a g e  f o r m s  w i th o u t  i r o n .—Carefully grind 5 tablets 

to fine powder using glass mortar and pestle. Transfer quan
titatively to 1 L volumetric flask. Add 10 mL monothioglyc- 
erol and 800 mL buffer solution. Sonicate 30 min. Add 150 
mL methanol and dilute to volume with pH 3.6 buffer solu
tion. Filter portion of solution through GF/C paper and dis
card first few mL. Pipet 10 mL filtrate into 25 mL low-actinic 
volumetric flask. Dilute to volume with mobile phase.

(b) D o s a g e  f o r m s  w i th  d i o c t y l  s o d iu m  s u l f o s u c c in a t e  
( D D S ).—Carefully grind 5 tablets and transfer to 1 L low- 
actinic volumetric flask. Add 10 mL 2-monothioglycerol and
1.0 g barium chloride. and dilute to volume with pH 3.6  buffer 
solution. Vigorously stir mixture 30 min. Filter through GF/ 
C paper and discard first few mL.

(c) D o s a g e  f o r m s  w i th  i r o n .—Determine average content 
weight of 20 capsules. Combine capsule contents. Mix well 
and transfer accurately weighed amount of sample equivalent 
to one capsule to 100 mL low-actinic volumetric flask. Add 
5 mL 2-monothioglycerol, 2.0 mL glacial acetic acid, and 75 
mL pH 3.6 buffer solution. Sonicate 5 min and dilute to 
volume with pH 3.6 buffer solution. Vigorously stir mixture 
30 min and filter through GF/C paper into 250 mL low-actinic 
Erlenmeyer flask. Add 300 mg cupferron to solution. After 
stirring additional 10 min, let reaction mixture stand at room 
temperature 1 h and then filter through GF/C paper. If pre
cipitate forms after filtration, let solution settle additional 30 
min. Clear solution should be obtained after second filtration 
through glass fiber paper. Discard first few mL.
A p p a r a t u s

Analyses were performed using a Waters radial compres
sion system (RCM) with an autosampler (Waters WISP 710) 
equipped with a high pressure pump (LDC Constametric II). 
The analytes were monitored by 2 detectors in series at 254 
nm (LDC Spectro Monitor III) and 280 nm (Perkin Elmer 
LC-55). A Waters reverse phase C18 cartridge, 8 mm x 10 
cm (Radial Pak A), and a 10 mV recorder (Linear, Model 385) 
were used. Peak heights or areas were integrated by Hewlett 
Packard Model 3354.

P r o c e d u r e  a n d  C a lc u l a t i o n s
Set up liquid chromatograph and let equilibrate 30 min with 

mobile phase flowing at 2.0 mL/min. Set the 2 detector sen
sitivities at 0.02 (280 nm) and 2.0 (254 nm) AUFS, respec

F ig u r e  2 . L in e a r i t y  s t u d y  o f  n ia c in a m id e ,  r ib o f la v in , p y r id o x in e ,  a n d  t h ia 
m in e  m o n o n it r a t e  a t  2 8 0  n m .

tively. Use peak height method of quantitation. Calibration 
plot (Figures 1 and 2) is linear and passes through zero so 
that single-point standard method is used for calculations:

Analyte, mg/tablet =
((7/500) x ( h J K )  x (1000/5)(25/10) = C , x ( h J K )

where Cr is the total weight of individual vitamin in the stan
dard preparation; h u and h s are the average peak heights of 
assay preparation and standard preparation, respectively.

S t a n d a r d  P r e p a r a t i o n
The vitamin reference standard amounts used correspond 

to the weights in dosage forms.
Accurately weigh ca 20-110 mg niacinamide, 1-15 mg pyr

idoxine hydrochloride, 3-12 mg thiamine mononitrate (in- 
house standard), and 2-12 mg riboflavin, and transfer to 500 
mL low-actinic volumetric flask. Add 10 mL monothioglyc- 
erol, and then add 400 mL pH 3.6 buffer solution. Sonicate 
30 min. Add 75 mL methanol, mix, and dilute to volume with 
pH 3.6 buffer solution. Use as stock solution and keep in the 
refrigerator.

Accurately weigh ca 20-80 mg ('A  unit formula weight/ 
tablet) ascorbic acid, and transfer to 100 mL low-actinic vol
umetric flask. Dilute to volume with stock solution. Use as 
standard solution.

Results and Discussion
Early methods for the chromatographic assay of water- 

soluble vitamins were tedious and of limited utility (2- 6) 
because each of the 5 vitamins (ascorbic acid, niacinamide, 
thiamine, riboflavin, and pyridoxine) has unique chemical 
characteristics, such as stability, polarity, and acidity. With 
the recent advance of ion-pairing chromatography (6), the 
effects of organic solvent, pH, and counter ion are becoming 
well understood. Technicon (7) and Waters Associates (8) 
have since reported the LC assay of 4 vitamins (niacinamide, 
thiamine, riboflavin, and pyridoxine) by ion-pairing tech
nique. A more comprehensive paper about the simultaneous 
separation of ascorbic acid, niacinamide, pyridoxine, thia
mine, and riboflavin in multivitamin preparations was reported 
by Jenkins (9) of Hoffman-La Roche. The success of the latter 
method, however, seems to be limited to vitamin formula
tions which do not contain minerals such as iron and mag
nesium.
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T a b le  1 . E f f e c t  o f  p H  a n d  a m o u n t  o f  a m in e  m o d if ie r  o n  s e p a r a t io n  o f  w a t e r - s o lu b le  v it a m in s  in  m u lt iv ita m in  p r e p a r a t io n s

Eluting volume, mL

Run phase'' pH Triethylamine, % Ascorbic acid Niacinamide Pyridoxine Thiamine Riboflavin

1 1 3.2 0.8 2.38 5.61 6.11 13.20 15.35
2 1 3.4 0.8 2.20 4.29 5.08 11.88 15.18
3 1 3.4 1.0 2.20 4.29 5.06 11.55 15.62
4 1 3.6 0.8 2.48 6.60 7.92 17.84 29.7
5 1 3.6 0.5 2.52 7.20 10.2 29.7 39.9
6 1 3.6 0.2 3.60 7.80 19.2 94.8 80.4
7 2 3.6 0.2 3.00 7.56 14.64 62.88 45.6

•Mobile phases: (1) 
(2)

Methanol-water (15 
Methanol-water (20

+ 85) containing 0.005M heptanesulfonic acid sodium salt. 
+ 80) containing 0.005M heptanesulfonic acid sodium salt.

T a b le  2 . R e c o v e r y  a n d  a c c u r a c y  s t u d y  o f  a s c o r b ic  a c id  (m g /u n it)  f ro m  s p ik e d  p la c e b o *

Formula I Formula II Formula III Formula IV

Sample Added Found Ree., % Added Found Ree., % Added Found Ree., % Added Found Ree., %

1 423.0 424.3 99.69 291.0 291.4 100.1 41.00 41.63 101.5 69.70 70.92 101.8
2 474.0 476.4 99.50 314.7 312.8 99.4 48.10 46.94 97.6 78.25 77.90 99.6
3 507.0 506.0 99.80 322.2 321.9 99.9 51.04 52.47 102.8 84.35 83.13 98.6
4 517.5 515.9 99.69 328.3 327.1 99.6 51.40 51.35 99.9 85.80 83.12 96.9
5 524.5 521.5 99.43 333.2 330.2 99.1 52.47 51.52 98.2 86.80 84.96 97.9
6 530.5 528.3 99.58 357.2 353.0 98.8 53.26 53.62 100.6 87.70 85.18 97.1
7 542.5 538.2 99.21 54.39 53.81 98.9 89.38 87.07 97.4
8 579.5 570.0 98.36 57.25 56.89 99.4 95.60 91.97 96.2

Av. 99.41 99.5 99.9 98.2
RSD, % 0.5 0.5 1.7 1.8
Conf.“ 1.4 1.5 5.2 5.4

•Formula I: 7 vitamins and 1 mineral.
Formula II: 10 vitamins and 5 minerals.
Formula III: 9 vitamins and 3 minerals (large excess of Fe).
Formula IV: 9 vitamins and 4 minerals.

‘ Confidence limit (99%), 3 SD.

T a b le  3 . R e c o v e r y  a n d  a c c u r a c y  s t u d y  o f  n ia c in a m id e  (m g /u n it)  f ro m  s p ik e d  p la c e b o *

Sample

Formula I Formula II Formula III Formula V

Added Found Ree., % Added Found Ree., % Added Found Ree., % Added Found Ree., %

1 81.7 82.2 100.6 94.0 92.6 98.5 8.40 8.43 100.3 25.15 25.14 100.0
2 92.7 92.9 100.2 101.8 100.2 98.4 9.50 9.49 99.9 28.20 27.92 99.0
3 98.4 98.2 99.8 103.4 102.5 99.1 10.20 10.20 100.0 30.10 29.54 98.7
4 100.8 99.8 99.0 105.8 106.6 100.8 10.40 10.42 100.2 31.00 31.30 101.0
5 102.0 101.7 100.6 107.3 107.3 100.0 10.50 10.59 100.9 31.50 31.53 100.1
6 103.3 103.2 100.7 113.1 109.4 97.6 10.60 10.62 100.2 31.85 32.08 98.7
7 106.1 106.7 100.6 10.85 10.83 99.8 32.50 32.23 99.2
8 111.7 112.4 100.6 11.55 11.55 100.0 34.95 34.84 99.7

Av. 100.3 99.1 100.2 99.5
RSD, % 0.6 1.2 0.3 0.9
Con*.6 1.8 3.6 1.0 2.7

•Formula I: 7 vitamins and 1 mineral.
Formula II: 10 vitamins and 5 minerals.
Formula III: 9 vitamins and 3 minerals (large excess of Fe).
Formula V: 9 vitamins and 4 minerals (with dioctyl sodium sulfosuccinate).

“Confidence limit (99%)I, 3 SD.

T a b le  4 . R e c o v e r y  a n d  a c c u r a c y  s t u d y  o f  p y r id o x in e  H C I  (m g /u n  t) f ro m  s p ik e d  p la c e b o *

Sample

Formula I Formula II Formula III Formula V

Added Found Ree., % Added Found Ree., % Added Found Ree., % Added Found Ree., %

1 8.68 8.75 100.8 6.87 6.96 101.3 2.52 2.51 99.6 4.40 4.39 99.8
2 9.82 9.81 99.9 7.43 7.45 100.3 2.84 2.83 99.5 4.95 4.91 99.2
3 10.71 10.73 100.2 7.53 7.57 100.5 3.06 3.05 99.7 5.34 5.20 97.4
4 10.93 10.88 99.5 7.81 7.82 100.1 3.12 3.13 100.2 5.45 5.43 99.6
5 10.98 11.02 100.4 7.83 8.00 102.1 3.13 3.17 101.2 5.50 5.49 99.8
6 11.10 11.07 99.7 8.41 8.62 102.6 3.19 3.20 100.3 5.56 5.56 100
7 11.30 11.27 99.7 3.24 3.23 99.8 5.67 5.66 99.8
8 12.16 12.13 99.8 3.46 3.46 100.0 6.05 6.02 99.5

Av. 100.0 101.2 100.0 99.4
RSD, % 0.4 1.0 0.6 0.8
Conf.“ 1.3 3.1 1.7 2.5

' “See Table 3.
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T a b le  5 . R e c o v e r y  a n d  a c c u r a c y  s t u d y  o f  t h ia m in e  m o n o n itr a t e  (m g /u n it)  f ro m  s p ik e d  p la c e b o 9

Sample

Formula I Formula II Formula III Formula V

Added Found Rec., % Added Found Rec., % Added Found Rec., % Added Found Rec., %

1 22.12 21.95 99.23 10.02 9.87 98.5 2.64 2.64 100.0 6.00 6.05 100.8
2 24.87 24.80 99.72 10.82 10.61 98.0 2.96 2.95 99.7 6.75 6.87 101.8
3 26.22 25.63 97.75 11.02 10.77 97.7 3.20 3.18 99.4 7.28 7.47 102.6
4 27.26 27.45 99.75 11.22 11.37 101.3 3.27 3.22 98.4 7.43 7.59 102.1
5 27.44 27.40 99.85 11.62 11.65 100.2 3.30 3.30 100.0 7.50 7.71 102.8
6 27.84 27.25 97.88 12.40 12.16 98.1 3.34 3.31 99.1 7.58 7.75 102.2
7 28.38 27.97 98.69 3.40 3.33 97.9 7.73 7.94 102.2
8 30.24 30.03 99.1 3.64 3.57 98.1 8.29 8.39 101.2

Av. 99.02 99.0 99.1 102.0
RSD, % 0.8 1.4 0.8 0.7
Conf.6 2.5 4.4 2.5 2.2

"’‘ See Table 3.

T a b le  6 . R e c o v e r y  a n d  a c c u r a c y  s t u d y  o f  r ib o f la v in  (m g /u n it)  f ro m  s p ik e d  p la c e b o *

Sample

Formula I Formula II Formula III Formula V

Added Found Rec., % Added Found Rec., % Added Found Rec., % Added Found Rec., %

1 13.33 13.29 99.7 10.34 10.25 99.1 1.73 1.70 98.3 5.29 5.26 99.2
2 14.82 14.86 100.3 11.13 10.99 98.7 1.94 1.92 99.0 5.95 5.91 99.3
3 16.10 16.10 100.0 11.34 11.31 99.7 2.06 2.07 100.5 6.41 6.25 97.5
4 16.36 16.40 100.4 11.64 11.68 99.7 2.08 2.06 99.0 6.54 6.56 100.3
5 16.56 16.71 100.9 11.84 11.76 99.3 2.12 2.12 100.0 6.61 6.57 99.4
6 16.65 16.88 101.4 12.66 12.60 99.5 2.14 2.15 99.1 6.68 6.80 101.3
7 16.97 17.00 100.2 2.17 2.15 99.1 6.81 6.77 99.4
8 18.20 18.29 100.5 2.34 2.36 100.9 7.27 7.22 99.3

Av. 100.4 99.3 99.7 99.5
RSD, % 0.5 0.4 0.9 1.2
Conf.6 1.6 1.2 2.8 3.5

*'6See Table 3.

T a b le  7 . S t a b i l i t y  s t u d y  o f  t h e  c h r o m a t o g r a p h ic  s y s t e m  (t im e  p e r io d  o f  s t u d y :  3 1/2 h )

Sample

Peak height, mm

Ascorbic acid* Niacinamide6 Pyridoxine HCI6
Thiamine

mononitrate6 Riboflavin6

1 99.5 146.5 71.2 22.5 56.5
2 99.0 146.0 71.2 22.5 56.2
3 99.2 146.0 71.5 22.6 56.2
4 99.0 146.8 71.5 22.8 57.0
5 99.0 146.8 71.5 22.5 57.2
6 99.2 147.2 71.5 22.5 57.2
7 99.0 147.2 71.2 22.4 57.5
8 99.5 147.8 72.0 22.4 58.0
9 99.6 148.0 72.0 22.4 58.0

10 99.5 147.5 71.8 22.5 57.8
Range 99.0-99.6 146.0-148.0 71.2-72.0 22.4-22.8 56.2-58.3

Av. 99.25 146.92 71.54 22.51 57.16
SD 0.025 0.73 0.31 0.12 0.69

RSD, % 0.25 0.50 0.43 0.53 1.21

aMonitored at 254 nm, 2.0 AUFS. 
6Monitored at 280 nm, 0.02 AUFS.

T a b le  8 . C o m p a r is o n  o f liq u id  c h r o m a t o g r a p h ic  a s s a y  w ith  a u t o a n a ly z e r  a s s a y  o f  w a t e r - s o lu b le  v i t a m in s  
in  c o m m e r c ia l  m u lt iv ita m in - m in e ra l d o s a g e  f o r m s

Ascorbic acid, Niacinamide, Pyridoxine HCI, Thiamine mononitrate, Riboflavin,
mg mg mg mg mg

Formulation LC AA LC AA LC AA LC AA LC AA

I 517 518 102.2 101.6 10.66 10.85 26.82 27.31 16.34 16.50
II 308 298 104 106 7.00 7.20 10.37 10.10 10.97 11.20
III 50.5 52.0 10.6 10.9 3.30 3.19 3.18 3.20 1.96 2.10
V — — 29.4 28.4 4.77 4.90 6.57 6.42 6.27 6.11

M o b i l e  P h a s e  E f f e c t
We studied in detail the effects of pH and amount of amine 

modifier in our mobile phase on separation of water-soluble 
vitamins in multivitamin preparations (Table 1). The amount 
of amine modifier in the mobile phase is extremely critical

for the separation of niacinamide and pyridoxine. Decreasing 
triethylamine from 0.5 to 0.2% in a pH 3.6 mobile phase, 
significantly increases the retention times of all 5 water-sol
uble vitamins. Increasing the methanol/water ratio from 15 
to 2 0%, however, elutes riboflavin faster and reverses the
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Wv__

Column:
Flow Rate: 
Detector: 
Injection Volume: 
Temperature:

THIAMINE

Operating Parameters
150 mL CH3OH
850 mL H20
1.1 g Sodium heptane sulfonate2k mL HOAc
5 mL Trimethylamine
Radial Pak A (Cjg reverse phase)
2.0 ml/min
Ultraviolet at 280 nm (0.02 and 1.0 AUFS)
10 L̂
Ambient

-1------ 1------- 1—

F ig u r e  3 . L C  s e p a r a t io n  o f  5  w a t e r - s o lu b le  v it a m in s .

order of separation of thiamine and riboflavin. We have con
cluded that a pH 3.6 mobile phase of methanol-water (15 + 
85), 0.005M heptanesulfonic acid, and 0.5% triethylamine 
gives an optimal separation of 5 water-soluble vitamins: 
ascorbic acid, niacinamide, pyridoxine hydrochloride, thia
mine mononitrate, and riboflavin (Figure 3).
E f f e c t  o f  M i n e r a l s  a n d  D i o c t y l  S o d i u m  S u l f o s u c c i n a t e

In our work on the LC assay of folic acid (10), we noted 
that the presence of minerals, magnesium oxide (MgO) in 
particular, interferes with its assay. Jenkins (9) also reported 
the interference from MgO and other minerals and was unable 
to quantitate the water-soluble vitamins in 3 of 8 formulations. 
Our sample preparation, however, removes the excess of 
ferrous sulfate (or ferrous fumarate) and DDS, enabling suc
cessful quantitation of the water-soluble vitamins. The large 
excess of ferrous fumarate or sulfate interferes with the assay 
of ascorbic acid. However, ferrous sulfate or fumarate can 
be removed by the addition of cupferron (ammonium salt of 
JV-nitrosophenylhydroxylamine) to form a water-insoluble 
complex which is removed by filtration. We found that DSS 
in the formulation gives a low recovery for thiamine. (DSS 
was removed by the addition of a suitable amount of BaCl2 

followed by filtration.) Ascorbic acid cannot be assayed by 
our LC method in some multivitamin products. Although 
large quantities of CaC03 affect the peak height of pyridoxine, 
addition of similar amounts of CaC03 to reference standards 
will compensate to give excellent assay results.
L i n e a r i t y  S t u d y

Concentrations at approximately 25% intervals from 25 to 
150% label claim were assayed by the proposed method. 
Figures 1 and 2 show that peak height vs concentration plots 
were linear and passed through the origin. The intercepts (b) 
and slopes (m) have been determined by the equation y = 
m x  + b. The coefficients of variation (r2) were also calculated 
and ranged from 0.99 to 1.00.
R e c o v e r y  a n d  A c c u r a c y  S t u d y

A  combination study of accuracy of the method and recov
ery from a placebo in the range of 80-100% of unit formula 
of ascorbic acid, niacinamide, pyridoxine, thiamine, and ribo
flavin was done for a commercial multivitamin-mineral prep
aration. Eleven formulations of solid dosage forms (with min

erals) were carefully studied and recoveries were 98.2-102% 
(Tables 2-6).
S t a b i l i t y  o f  t h e  C h r o m a t o g r a p h i c  S y s t e m  

The stability of the chromatographic system was deter
mined by making 1 0  consecutive injections of reference stan
dard solution over a 3'/> h period. The results showed a 
percent relative standard deviation of s  0.55 for all vitamins 
except riboflavin, which had a value of 1.2 (Table 7).
C o m m e r c i a l  M u l t i v i t a m i n - M i n e r a l  P r e p a r a t i o n s  

The method has been applied to 11 commercial prepara
tions. Table 8 presents some of the assay results. In general, 
good agreement was obtained between the LC and the auto
mated methods.

Summary

Even though most commercial vitamin formulations con
tain a number of different minerals, all 5 vitamins can be 
separated by modifying the assay preparation according to 
the mineral content of the formulation. For example, a large 
amount of iron that interferes with the assay of ascorbic acid 
can be removed by reaction with cupferron to form an iron 
complex that is insoluble in aqueous solution. Similarly, 
although large quantities of CaC03 affect the peak height of 
pyridoxine, addition to reference standards of similar CaC03 

amounts will compensate to give excellent results. The addi
tion of DSS to the formulation, which gives a low recovery 
of thiamine, can be overcome by removing DSS in the solu
tion with barium chloride.

R e f e r e n c e s

(1) W illiam s, R . C ., B ak er, D . R ., &  S ch m it, J . A . (1973) J .  Chro- 
matogr. Sci. 11, 618-624

(2) W ittm er , D . P ., &  H a rv e y , W . G . (1974)7 . Pharm. Sci. 6 3 ,5 8 8 -  
590

(3) P e lle rin , F . ,  &  D u m itre sc u , D . (1980) Talanta 27, 243-251
(4) C o lem a n , G . L . (1979) 5 . Afr. Pharm. J .  46, 621-624
(5) W ills, R . B . H ., S h aw , C . G „  &  D ay , W . R . (1977) J .  Chro- 

matogr. Sci. 15, 262-266
(6) T o m lin so n , E .,  Je ffe rie s , T . M ., &  R iley , C . M . (1978) J .  Chro- 

matogr. 159, 315-318
(7) T ec h n ic o n  (1980) TIS News 6, N o . 1
(8) W a te rs  A sso c ia te s  (1979) Separation News, V ol. 3
(9) Je n k in s , C . (1982) Pharm. Technol. 6 , 53-59

(10) H o lco m b , I. J . ,  &  F u sa r i, S . A . (1981) Anal. Chem. 5 3 ,6 0 7 -6 0 9



1012 AUGUSTIN: J. ASSOC. OFF. ANAL. CHEM. (VOL. 67, NO. 5, 1984)

Simultaneous Determination of Thiamine and Riboflavin in Foods by Liquid Chromatography
JORG A U G U STIN
U n i v e r s i t y  o f  I d a h o ,  F o o d  R e s e a r c h  C e n t e r ,  M o s c o w ,  I D  83843
Recent methods for determination of thiamine (thiochrome) and ribo
flavin by liquid chromatography (LC) are outlined and discussed, and 
a new method allowing the simultaneous determination of these 2 
vitamins by using a single fluorescence detector is described. This 
system involves an ODS 5 p.m ultrasphere column and a pH 7.5 mobile 
phase composed of 0.005M tetrabutyl ammonium phosphate in meth
anol-water (20 + 80).

The determination by liquid chromatography (LC) of water- 
soluble vitamins including thiamine and riboflavin, singly as 
well as simultaneously, has been known for over a decade. 
However, major breakthroughs in this area were limited mostly 
to analysis (or testing) of standard mixtures, pharmaceutical 
preparations, and vitamin concentrates (1-4). There have 
been few developments in the determination of vitamins in 
nonfortified food systems. This paper covers the history and 
state-of-the-art for simultaneous analysis of thiamine and 
riboflavin by LC.

Van De Weerdhof et al. (1) were probably the first group 
to successfully determine thiamine and riboflavin by LC in 
nonfortified food systems. They used columns of different 
lengths filled with 20-30 p.m silica gel. The mobile phases 
consisted of a pH 6 .8 , 0 .1M phosphate buffer in 10% ethanol 
and a pH 4.8, 0.1M acetate buffer for eluting thiamine and 
riboflavin, respectively. Fluorescence detection was used for 
both vitamins. Thiamine was oxidized to thiochrome in a 
post-column system. No quantitative data or information on 
elution time was provided. Column life was reported to be 
only a few days.

Toma and Tabekhia (5) described the simultaneous quan
titative determination of thiamine, riboflavin, and niacin in 
various fortified rice products. Vitamins were separated on a 
300 x 4 mm p.Bondapak 10 p.m C18 column (Waters Asso
ciates). The mobile phase consisted of 25 mL each of PIC-5 
and PIC-7, and a 600 + 390 + 10 mixture of water-methanol- 
acetic acid (Water Associates). Compounds were detected 
by UV at 254 nm. The data obtained compared well with 
those obtained by AACC methods (6). Recovery values, with 
one exception, were above 90%.

Ang and Moseley (7) failed to duplicate Toma and Tabe- 
khia’s results with meat and poultry samples because of the 
relatively low sensitivity associated with UV detection, and 
even more, because of the presence of an array of overlapping 
peaks, notable in cases of sample pre-injection. Instead, they 
developed a highly sensitive procedure for the separate deter
mination of riboflavin as lumiflavin, and thiamine as thio
chrome on a 2.1 x 500 mm 20 p,m silica column, using an all- 
organic solvent mobile phase of chloroform-methanol (90 +
10), and fluorescence detection. The reported lower limits of 
detection were 0.05 and 0.2 ng for thiochrome and lumiflavin, 
respectively. Recovery studies yielded values >  90%. No 
comparative study was performed involving LC and conven
tional AOAC methods (8 ). The possible simultaneous deter
mination of the 2 compounds using a dual detection system 
was not explored because of detector limitations.

This paper was part of tie  symposium “ Instrumental Methods for the Anal
ysis of Vitamins" which was held at the 97th Annual International Meeting of 
the AOAC, Oct. 3-6 1983 at Washington, DC.

Research Paper No. 8366 o f the Idaho Agricultural Experiment Station. 
Accepted April 26, 198A

Kamman et al. (9), in an effort to overcome what they 
considered rather lengthy derivatization procedures by Ang 
and Moseley, developed a method for the simultaneous deter
mination of thiamine and riboflavin, using a reverse phase 
ion-pairing system, UV detection, a p.Bondapak C18 column, 
and a mobile phase containing a pH 7.0, acetonitrile-aqueous 
0.01N phosphate buffer (12.5 + 87.5) and 0.005M heptane- 
sulfonic acid sodium salt. Separations were successful only 
with fortified food systems. The relative detection limits at 
254 nm for thiamine and riboflavin were reported to be 30 
and 5 ng, respectively. The results of the LC method com
pared favorably with those obtained from a semiautomatic 
modification of the AOAC method.

Skurray (10) reported the successful separation not only of 
thiamine (as thiochrome) and riboflavin, but of niacin as well, 
using a 3.9 x 300 mm 10 p.m p,Bondapak C18 column, and 
an all-aqueous mobile phase composed of 0.2M acetate buffer 
and 0.005M heptanesulfonic acid. Thiamine and riboflavin 
were detected by fluorescence, and niacin by UV at 250 nm. 
An alkaline potassium ferricyanide solution converted thia
mine to thiochrome. This highly alkaline extract apparently 
was injected into the column without further pH adjustment. 
Excellent separations were achieved with a wide variety of 
food matrices including bovine muscle, whole milk, yogurt, 
peas, herring, white bread, com flakes, and rolled oats. The 
data were reported to be in good agreement with those obtained 
by manual AOAC methods.

Fellman et al. (11) described a method for simultaneous 
determination of thiamine and riboflavin in several food sys
tems, which differs from the above methods both in sample 
preparation and LC separation. Using the common extract 
concept, thiamine was again oxidized to thiochrome. Imme
diately following oxidation, the extract was neutralized and 
then purified and concentrated on a Sep-Pak C18 cartridge 
(Waters Associates). This pre-injection procedure eliminated 
any excess potassium ferricyanide from the extract and the 
high sample pH, which can be detrimental to LC column life 
and stability of riboflavin. The two vitamins were separted 
on a 8 x 100 mm 10 p.m Radial-Pak C8 column (Waters 
Associates) with a pH 7.0 mobile phase of methanol-O.OlM 
phosphate buffer (37 + 65). The presence of interfering sub
stances necessitated a separate wavelength system for ribo
flavin.
M e t h o d  D e v e l o p m e n t  a n d  C o m p a r i s o n

With a Waters Associates Model 420 fluorescence detector 
with excitation and emission wavelengths of 450 and 530 nm 
for riboflavin, the lower detection limit was 1.0 ng. With a 
Turner Model 111 fluorescence detector with excitation and 
emission wavelengths of 360 and 415 nm for thiochrome, the 
lower detection limits was 0.5 ng. The LC data generated in 
this study compared well with those obtained with the manual 
AOAC method for riboflavin, but were significantly lower for 
thiamine. The differences in thiamine values between the 2 
methods were explained by failure to completely eliminate 
interfering substances during the purification steps with the 
base-exchange silica (Decalso) associated with the manual 
AOAC method. Modifications of the Waters fluorescence 
detector by replacing the instrument’s dc board with an ac 
board and using a new internal aperture lamp (Waters Asso-
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dates part No. 78250) improved the lower detection limit for 
riboflavin to 0.1 ng. Figure 1 shows the separations obtained 
with this system. Using slower flow rates, in some instances, 
resulted in better, yet still incomplete separations of ribo
flavin from interfering peaks; thus, a second detector was 
still required. Changing to a 4.6 x 250 mm 5 pm Ultrasphere 
ODS column with tie  same mobile phase did not solve the 
interference problem either. An acceptable separation finally 
resulted with a pH 7.5 mobile phase consisting of methanol- 
water (20 + 80) containing 0.005M tetrabutylammonium 
phosphate (TBAP) (Figure 2).

Because thiochrcme and riboflavin are non-ionic com
pounds, there is little effect with the ion-pairing TBAP. TBAP 
use did, however, remove the compounds which previously 
interfered with the separation of riboflavin (see Figure 1).

Table 1 shows the effect of methanol-water ratios in the 
mobile phase on the relative retention times of thiochrome 
and riboflavin. Interesting, but not surprising, is the short 
retention of thiamine which is cationic in nature and thus 
poorly retained by a cationic, quaternary ammonium-pairing 
system. An anionic system, such as hexanesulfonic acid, 
undoubtedly would have delayed retention time for thiamine, 
and thiamine would have eluted after riboflavin (5,9).

Conclusions

The LC methods have the distinct advantages over the 
manual AOAC method of eliminating the lengthy ion-exchange 
purification step and allowing the simultaneous determination 
of 2 vitamins. The LC procedure, however, requires the 
lengthy de-esterification process of thiamine phosphate esters.
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T a b le  1 . R e t e n t io n  o f  t h io c h r o m e  a n d  r ib o f la v in  in  m e t h a n o l—w a t e r  

(2 0  +  8 0 )  ( c o n t a in in g  0 .0 0 5 M  T B A P ) ,  p H  7 .5

Methanol, % Thiochrome Riboflavin

10 45 100
15 21.5 35.5

(4.4)a
20 13.0 18.0

“Thiamine retention.

Kimura et al. (12) successfully separated thiochrome and its 
phosphate esters in standard mixtures. This system has not 
yet been successfully applied to food matrices, nor to the 
simultaneous determination of riboflavin. However, Kimu- 
ra’s results and the results in Table 1, which demonstrate the 
separating effect of decreased methanol concentration in the 
mobile phase on thiochrome and riboflavin, indicate a pos
sible simultaneous separation of thiochrome and its phos
phate esters as well as riboflavin. It might also be possible to 
separate nicotinic acid in the mixture by similar means, as 
described by Tyler and Shrago (13).
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Determination of Folacin in Foods and Other Biological Materials
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The objective of most methods for determination of folates in foods 
and other biological materials is to estimate the total folacin content of 
the sample. Because folacin comprises a diverse group of related com
pounds exhibiting similar biological activity, the analytical method 
must be capable of measuring all of the folates. Methods have been 
developed for separation of folates in their monoglutamyl form by using 
anion-exchange, paired-ion reverse phase, or conventional reverse phase 
liquid chromatography (LC). The application of these separations to 
determination of folates in foods and other biological materials has 
been limited largely by the need for development of adequate prepa
rative methods and sufficiently sensitive and specific detection proce
dures. Although LC with ultraviolet absorption detection has been 
successful in certain limited applications, the development of fluoro- 
metric detection methods has permitted LC determination of folates in 
a wide range of materials. Tetrahydrofolic acid and its substituted 
derivatives are detected by monitoring their native fluorescence in an 
acid mobile phase, while folic acid and certain other folates are mea
sured by using an oxidative post-column fluorogenic derivatization 
system. Methods also have been developed for determination of the 
polyglutamyl chain length distribution of folates in biological materials. 
In total, these procedures permit a direct determination and charac
terization of folacin compounds.

Traditionally, microbiological methods have been used to 
determine folacin in foods and other biological materials. 
Although these procedures are very sensitive, they are usu
ally slow and may be subject to interference. Conventional 
quantitation of individual folate vitamers is based on slow 
and laborious column chromatographic separations followed 
by microbiological assay of collected fractions. The devel
opment and application of these procedures have been reviewed 
recently (1). Radiometric competitive binding assay proce-
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dures provide an alternative to microbiological methods for 
total folacin determination in certain products; however, 
accuracy of the radiometric assay is often uncertain because 
of nonuniform response to various folacin compounds (2).

The determination of folates in foods and other biological 
materials represents a difficult analytical problem because of 
potential existence of vitamers that have several oxidation 
states, several possible single-carbon substituent groups, and 
a polyglutamyl chain of variable length. Although determi
nation of polyglutamyl chain length is important for some 
nutritional and biochemical applications, the analysis is often 
simplified by determination of the folates as their monoglu
tamyl forms after enzymatic deconjugation.

Naturally occurring folacin in most plant and animal tissues 
and biological fluids comprises mainly tetrahydrofolic acid 
(THF), 5-methyl-tetrahydrofolic acid (5-CH3-THF), and 10- 
formyl-tetrahydrofolic acid (10-CHO-THF). Folic acid is 
probably not a significant naturally occurring form of the 
vitamin, but it is often found in small quantities as an oxida
tion product of THF in samples stored under conditions per
mitting exposure to oxygen. Folic acid is the form added 
in food fortifica:ion because of its comparative stability. Di- 
hydrofolic acid (DHF) does not occur naturally in appreciable 
quantities but it may be detected as a minor oxidation product 
of THF.

The purpose of this article is to review instrumental sepa
ration procedures for folacin compounds, with emphasis on 
applications to the analysis of foods and other plant and 
animal tissues. Because of the importance of adequate prep
arative methods to the success of the analysis, major consid
erations in sample extraction, enzymatic treatment, and extract 
purification also will be discussed.

Preparative Methodology
Ordinarily, samples are extracted by homogenization in a 

neutral or mildly acidic buffered solution followed immedi
ately by a heat treatment to precipitate protein and release
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bound folates. Alternatively, samples may be deproteinated 
by using compounds such as trichloroacetic acid (3); this is 
avoided because o: the extreme susceptibility of THF to 
oxidative degradation in acidic media.

A critically important aspect of all analytical methodology 
involving folates is the need for antioxidative compounds in 
all preparative phases of the analysis to prevent degradation 
of the labile reduced vitamers. The most common of the 
antioxidative compounds is ascorbic acid, although thiols 
such as 2-mercaptoethanol and dithiothreitol have been used 
in many applications. The comparative effectiveness of these 
compounds has been a matter of controversy and appears to 
depend on factors including pH and temperature (4). Recently, 
Horne and Wilson (5) reported that the presence of ascorbate 
in commonly used extraction buffer solutions at neutral pH 
actually induced undesired thermal degradation and inter
conversion of certain folates. Gregory et al. (6) evaluated 
extractions using 1.0% ascorbate at pH 4.9 and found that, 
under a nitrogen headspace, all folates exhibited good stabil
ity (>90% retention) during a 60-min extraction period at 
100°C. Mildly acidic extraction conditions increase the sta
bility of ascorbic acid in the extraction buffer solution.

Another important consideration in the determination of 
naturally occurring folates is the lability of 10-CHO-THF and 
its facile conversion to 5-CHO-THF via the 5,10-methenyl- 
THF intermediate (7). Kinetic studies in conjunction with 
selection of suitable extraction conditions indicated that 10- 
CHO-THF is converted to the 5-formyl isomer during incu
bation at pH 4.9 at 100°C by a first-order process (approxi
mate half-time = 9.6 min), with essentially complete con
version in 60 min. On the basis of these studies, it was possible 
to determine the 10-CHO-THF in biological materials entirely 
as the 5-formyl isomer, thus eliminating the problem of quan
titating the mixture of 10-formyl and 5-formyl tetrahydrofo- 
lates, which arises during extractions with shorter heating 
times or using other pH values (6).

In the majority of food and biological analyses, the deter
mination of the chain length of folate polyglutamates is not 
required. This greatly simplifies the analysis by permitting a 
determination of the folate vitamers in their monoglutamyl 
forms after treatment with a pteroylpolyglutamyl hydrolase 
(folate conjugase). Conjugase enzymes from a wide variety 
of plant and animal materials have been used in folacin assays. 
Many of these enzymes have yielded similar results when 
used in conjunction with L a c t o b a c i l l u s  c a s e i  growth methods 
in which the organism responds equally well to folates in the 
mono-, di-, and triglutamyl forms. One of the more commonly 
used conjugase enzymes in the microbiological assay is that 
from chicken pancreas (8). This enzyme is not suitable for 
use with chromatographic methods because it yields a folate 
diglutamate product (9). Consequently, the results of several 
studies based on the use of chicken pancreas conjugase are 
ambiguous. Although the susceptibility of hog kidney con
jugase to inhibition by certain naturally occurring compounds 
has been suggested, hog kidney conjugase preparations of 
high activity have been used successfully in the analysis of a 
wide variety of samples (6). Further research is essential 
concerning this integral phase of folacin assays.

Preparative chromatographic procedures for purification 
of sample extracts are essential to the success of many liquid 
chromatographic (LC) analyses using ultraviolet absorption 
or fluorometric detection systems. The first preparative chro
matographic method used in conjunction with an LC method 
specified a hydrophobic resin to selectively retain and con
centrate folate compounds (10). This resin was only margin
ally suitable for use in the purification of many food extracts,

however. Strong cation-exchange resins have been employed 
for purification of sample extracts in several LC applications 
(10-12). Disadvantages of strong cation-exchange resins include 
the low recoveries obtained for 5-CHO-THF with this resin
(12) and the ineffective removal of interfering compounds 
from certain biological extracts (11). Anion-exchange mate
rials, such as DEAE (diethylaminoethyl)-cellulose or DEAE- 
Sephadex are highly effective for preparative chromatog
raphy of folates. DEAE-based ion-exchangers have been 
applied preparatively in the LC determination of folic acid in 
certain fortified foods (13) and in the determination of natu
rally occurring folates in foods and other biological materials 
(6 ). Preparative chromatography using sequential columns 
packed with a hydrophobic resin and an anion-exchanger has 
been employed before the LC determination of 5-CH3-THF 
in blood samples (14).

Liquid Chromatography of Folacin Monoglutamates

The subtle differences among the folate monoglutamates 
in ionic character and hydrophobicity make them well suited 
for LC separations by reverse phase or ion-exchange meth
ods. Ion-exchange LC separations of folates are similar in 
principle to those developed for conventional anion-exchange 
column chromatography. Several research groups have 
developed anion-exchange separations which use isocratic
(15) or ionic-strength gradient methods (16-19). The first ana
lytical application was reported by Clifford and Clifford (16), 
which dealt with LC analysis of several food extracts. This 
method was largely unsuccessful because of inadequate 
detection specificity and sensitivity, lack of sample cleanup, 
and uncertain identification of chromatographic peaks. Anion- 
exchange LC was successful in the determination of folates 
in blood plasma from individuals receiving large doses of folic 
acid (17), although the sensitivity of the ultraviolet detection 
method was inadequate for analysis of plasma from unsup
plemented subjects. Other important applications of anion- 
exchange LC have been in the characterization of chemical 
reactions involving folacin compounds (18, 19).

Ion-pair reverse phase LC has been used widely for sepa
ration of monoglutamyl folates. Folacin compounds are sep
arated by these methods, using a reverse phase column and 
a neutral mobile phase containing a cationic surfactant (e.g., 
tetrabutylammonium phosphate). Separations may be per
formed isocratically or with a methanol gradient (20-24). Ion- 
pair LC has been applied to the determination of folic acid in 
pharmaceuticals (25-28) and has been used for the separation 
of folates in biological materials before microbiological assay 
(22). In addition, the method of Horne et al. (24) has been 
adapted to a preparative scale for use in the purification of 
folates following chemical synthesis (Gregory, unpublished). 
Picciano et al. (29, 30) developed an innovative step-gradient 
method for folacin separations. In this method, folate stan
dards or sample extracts were injected onto a reverse phase 
column which had been equilibrated with a neutral mobile 
phase containing tetrabutylammonium phosphate, which 
caused strong retention of the folates as ion-pairs. Much of 
the nonfolate material in the sample was then immediately 
eluted using a mobile phase without the ion-pairing agent, 
followed by separation and elution of the folates with the 
original mobile phase. The results of limited applications of 
this procedure suggest that additional sample purification, 
more specific detection methods, or both, would be required 
to permit more extensive use of this method for biological 
analysis (30, 31).

A paired-ion LC method was reported recently which per
mitted the direct determination of naturally occurring folates
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F ig u r e  1 . R e v e r s e  p h a s e  L C  d e te r m in a t io n  o f  f o l ic  a c id  in  fo r t if ie d  in fa n t  
fo r m u la , u s in g  p o s t - c o lu m n  f lu o r o g e n ic  d e r iv a t iz a t io n . (R e p r in t e d  fro m

re f . 1 0 .)

in animal tissues (12). This procedure involved sample treat
ment with rat liver conjugase, cation-exchange preparative 
chromatography, and ultraviolet absorption LC detection. A 
limitation of the procedure was the need to lyophilize the 
purified extracts to render them sufficiently concentrated for 
LC detection. The limited sensitivity of the procedure may 
limit its applicability to other samples.

Reverse phase LC using a mixed aqueous-organic mobile 
phase is also well suited for the separation of monoglutamyl 
folates. Suppression or enhancement of the ionization of fola- 
cin functional groups by controlling mobile phase pH, along 
with control of mobile phase polarity, are effective in achiev
ing many separations. Day and Gregory (10) reported the first 
use of reverse phase LC for the separation of folacin mono
glutamates. This procedure specified an isocratic acidic phos
phate-acetonitrile mobile phase and coupled octadecylsilyl 
and phenylsilyl columns. Later studies showed that the res
olution improved through the use of a 7.5-13% (v/v) aceton
itrile gradient, although isocratic elution is adequate in many 
applications. A unique aspect of this procedure was the devel
opment of a post-column fluorogenic derivatization system. 
In this procedure, a hypochlorite solution was metered into 
the effluent stream as it exited the ultraviolet absorption 
detector to oxidize folic acid, DHF, and THF to highly fluo
rescent pterins. This greatly enhanced detection sensitivity 
and specificity for these compounds (10), although 5-CH3- 
THF and 5-CHO-THF are resistant to oxidative cleavage and 
do not exhibit a significant fluorescence in this post-column 
derivatization system. The reverse phase method with 
sequential ultraviolet absorption and oxidative fluorogenic 
detection has been successfully applied to the determination 
of folic acid in fortified cereals and infant formulas (Figure 1; 
Table 1) (10, 11). A distinct advantage of this procedure for

T a b le  1 . F o la c in  c o n t e n t  (n m o l/g )  o f  fo r t if ie d  in fa n t  fo r m u la  a n d  
b r e a k f a s t  c e r e a l  p r o d u c t s  a s  d e te r m in e d  u s in g  r e v e r s e  p h a s e  L C ,  L .  

c a s e / ,  a n d  r a d io m e t r ic  a s s a y  p r o c e d u r e s "

Procedure Infant formula Oat flakes

Label claim 0.25 8.0
L. casei 0.430 ± 0.007a 21.1 + 0.8a
Radiometric 0.127 ± 0.011b 17.8 ± 2.2a
LC (>̂280 nm) 0.407 ± 0.014a _
LC (flúor.)* 0.398 ± 0.004a 14.1 ± 0.6b

"Mean ± SD, triplicate analyses. Values In each column with the same 
letter were not significantly different (P<0.05).

'’Fluor, refers to pcst-column fluorogenic derivatization method.

the analysis of fortified foods is that it has sufficient sensitivity 
and specificity to eliminate preparative chromatography for 
extract purification. In a somewhat similar method, reverse 
phase LC with ultraviolet absorption detection has been used 
for the determination of folic acid in fortified foods after 
sample extract purification on DEAE-Sephadex (13).

Further research was conducted to extend the applicability 
of the reverse phase LC procedure, particularly to the detec
tion of other folate compounds by fluorometric methods. We 
found that reduced folates such as THF, 5-CH3-THF, and 5- 
CHO-THF were highly fluorescent when excited at 290-295 
nm in the acidic environment of the mobile phase used in the 
reverse phase system of Day and Gregory (pH 2.2). This 
observation, in conjunction with the post-column derivati
zation method for the fluorometric detection of folic acid, 
provided a means for the fluorometric determination of all 
folates in foods and other biological materials. When used 
with DEAE-Sephadex purification of the sample extract and 
gradient elution to improve resolution in the LC separation, 
this method permits the quantitation of folates in a wide range 
of samples (6). Figure 2 and Table 2 present typical chro
matograms and quantitative results. The results of recovery, 
radioisotopic tracer, and fluorescence spectral studies sup
port the accuracy of this LC procedure (6). However, the 
variable correlation observed between the LC and micro
biological assay results indicate the need for further studies 
of the factors which influence the accuracy of both assay 
methods. Specific areas in need of further research include 
the potential inhibition of hog kidney conjugase in certain 
food extracts (e.g., orange juice) and the possible stimulation 
or inhibition of response in the microbiological assay. The 
identification of possible oxidized folates retaining biological 
activity is another area that requires further research, and it 
may explain the discrepancy between LC and microbiological 
assay results observed with whole wheat flour (Table 2). For 
samples which do not contain significant concentrations of 
folic acid, the rather cumbersome post-column derivatization 
system can be omitted to simplify the analysis.

Laukelma et al. devised an alternative method for the 
determination of 5-CH3-THF in blood plasma and spinal fluid
(32). This procedure involved on-column sample concentra
tion and purification, and electrochemical detection. Methods 
were reported for reverse phase or anion-exchange LC, or 
LC on coupled reverse phase and anion-exchange columns. 
Although the detector response to folic acid and 5-CHO-THF 
was reported to be less than 0.1% of that observed for 5-CH3- 
THF, the sensitivity and specificity of this detection method 
warrant further research into application of electrochemical 
detection to LC of folacin.

Liquid Chromatography of Folacin Polyglutamates

The highly ionogenic nature of the folacin polyglutamates 
makes them well suited for separations by anion-exchange
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Retention Time (min)

F ig u r e  2 . D e te r m in a t io n  o f  n a t u r a l ly  o c c u r r in g  f o la t e s  b y  r e v e r s e  p h a s e  L C  w ith  d ir e c t  f lu o r o m e tr ic  d e te c t io n . T o p  c h r o m a t o g r a m s  a r e  r e d u c e d  fo la t e  
s t a n d a r d s  a n d  a  ra t  l iv e r  e x t r a c t ;  b o tto m  c h r o m a t o g r a m s  a r e  e x t r a c t s  f ro m  s e le c t e d  fo o d  s a m p le s .  ( R e p r in t e d  f r o m  re f . 6 .)

LC (33, 34) and reverse phase LC (34, 35). Each of the folate 
compounds may exist naturally as various polyglutamyl forms, 
so it is unlikely tha: any analytical procedure could provide 
a simultaneous determination of such a large array of possible 
folate compounds. An alternative approach is to convert the 
folate polyglutamates in the sample extract to a common 
chemical form differing only in polyglutamyl chain length, 
which may be separated fairly easily by LC. Two research 
groups have independently developed such procedures.

Eto and Krumdieck (36-38) devised a series of chemical 
methods for the treatment of sample extracts to convert folate 
polyglutamates to azo dye derivatives of their respective p -

aminobenzoylpolyglutamate cleavage products. These com
pounds are then separated and quantitated by reverse phase 
LC using visible absorption detection, which provides ade
quate sensitivity for determination of endogenous folates in 
animal tissues (38). Selective cleavage methods were devel
oped such that the folate polyglutamates could be identified 
(pool 1 = THF, DHF, and 5,10-methylene-THF; pool 2 =
5 -CH3-THF; and pool 3 = 5,10-methenyl-THF, 5-CHO-THF, 
IO-CHO-THF, and 5-formimino-THF). Use of a radiolabeled 
azo dye for derivatization would permit determination of the 
folate polyglutamate distribution in materials with very low 
folate concentration (39). A possible limitation of this approach
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T a b le  2 . F o la c in  c o n t e n t  (n m o l/g )  o f  s e le c t e d  f o o d s  a n d  o t h e r  b io lo g ic a l  m a t e r ia ls *

Direct analysis

Sample THF 5 -CH3-THF CHO-THF
Folic
acid Total L. casei

Publ.
value6

Whole milk' ND 0.072 ND ND 0.072 ± 0.005 0.027 ± 0.005 0.11
Cabbage' 0.070 0.112 ND ND 0.162 ± 0.008 0.293 -  0.071 1.5
Frozen calf 

liver'
48.1 3.51 1.91 0.76 54 3 ± 4.9 36.3 ± 10.9 5.0

Frozen 
orange juice' 
(sample 1)

ND 0.370 ND ND 0.370 ± 0.026 1.90 ± 0.73 1.2

Whole wheat 
flour'

ND ND ND ND ND 1.59 ± 0.31 1.2

Fresh rat 
liver*

9.64 5.51 7.10 ND 22.3 ± 0.31 NA —

Frozen
broccoli

0.690 0.370 ND ND 1.06 ± 0.25 NA 1.3

Frozen 
orange juice 
(sample 2)

ND 0.151 ND ND 0.151 ± 0.032 NA 1.2

Fresh
orange juice

ND 0.162 ND ND 0.162 ± 0.024 NA 1.2

*Mean ± SD, n =  3. NA = not analyzed, ND = not detected.
“ From Perloff, B. P., & Butrum, R. R. (1977) J. Am . D iet. Assoc. 70,161-171. 
‘ From Gregory et al., 1983 (ref. 6).

is the fact that 3 injections are required for each sample, and 
precision may be influenced by the differential calculation 
method.

Shane (40) devised similar cleavage methods, then ana
lyzed with resulting p-aminobenzoylpolyglutamates by anion- 
exchange LC with ultraviolet absorption detection. Sensitiv
ity of this procedure was sufficient for determination of 
endogenous folates in animal tissues and microorganisms.

Summary and Conclusions

The methods discussed in this review permit quantitative 
and qualitative analysis of folates. The fluorometric proce
dures are suitable for the LC analysis of folates as their 
monoglutamyl forms in a wide variety of foods and other 
biological materials. Recent LC methods for determination 
of folate polyglutamates are capable of providing valuable 
information for biochemical and nutritional studies. Devel
opment and application of additional methods of folacin 
determination will depend on suitable preparative techniques 
and LC detection procedures.
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TECHNICAL COMMUNICATIONS
Some Effects of Replacement of Metaphosphoric Acid/Acetic Acid Solvent System with 
Trichloroacetic Acid in Microfluorometric Determination of Vitamin C
FRANS R. VISSER
Department o f  Scientific and Industrial Research, Applied Biochemistry Division, Private Bag, 
Palmerston North, New Zealand
Trichloroacetic acid (TCA) is suggested as a substitute for the meta
phosphoric acid/acetic acid (HPOj-HOAc) solvent system in the AOAC 
microfluorometric determination of vitamin C. Comparative advan
tages of TCA are easier handling, greater stability, and the approxi
mate 10-fold increase in sensitivity. For both solvent systems, the 
influence of acid concentration on fluorescence is described. TCA pro
vides maximum fluorescence enhancement at pH 5.5-6.0.

Numerous methods have described the quantitative deter
mination of vitamin C. These include titration, spectroscopic 
quantitation of derivatives, enzymatic and chromatographic 
methods, and fluorometry. All involve an initial acid extrac
tion procedure in which a variety of acids or acid combina
tions are used, viz., metaphosphoric acid (1-5), acetic acid 
(1, 3, 6 ) trichloroacetic acid (7-9). perchloric acid (9, 10), 
oxalic acid (7), and citric acid (11, 12).

The microfluorometric method for determining both ascor
bic and dehydroascorbic acids depends on the fluorescence 
resulting from the coupling reaction of the 1 ,2-dicarbonyl 
moiety of the sample with o-phenylenediamine (OPDA) in a 
suitable acidic solvent system. The chemistry of such quin- 
oxaline formation from 1,2-dicarbonyl compounds and OPDA 
is well known (13), and several investigations into this reac
tion have been described (14-19). The structural identity of 
the fluorescent product(s) from the coupling reaction of dehy
droascorbic acid end OPDA has yet to be unequivocally 
determined. At least 2 different quinoxaline structures have 
already been given ( 1 , 2 0 ).

Utilization of the fluorescence of quinoxalines for a well 
described quantitative determination of vitamin C has been 
published by Deutsch and Weeks (1). As a result of their 
work, AOAC, in 1980, adopted a standard microfluorometric 
determination of both ascorbic and dehydroascorbic acids in 
which a mixture of metaphosphoric and acetic acids (HP03-  
HOAc) was used as the acidic solvent system (21). This 
method was used to measure total vitamin C (22) in a variety 
of fresh fruits and vegetables (23) as part of our work on the 
compilation of New Zealand food composition tables. How
ever. TCA replaced the HPCK-HOAc solvent system, because 
of its easier handling, its excellent extracting and deprotein- 
izing properties, and its higher stability in solution than HPO,. 
In this method, vitamin C is determined as dehydroascorbic 
acid after deliberate oxidation. Therefore, it was unnecessary 
to use the protective properties of HPO, against such oxida
tion. which was the main reason this acid had been selected 
for determining vitamin C in its reduced state (3). This paper 
describes the advantages of this change as well as the results 
of our investigations into the influence of both acid systems 
on fluorescence.

Experimental

R e a g e n ts
All reagents were analytical grade (BDH unless otherwise 

noted).
Received October3. 1983. Accepted March 1. 1984.

(a) M e ta p h o s p h o r i c  a n d  g l a c i a l  a c e t i c  a c i d s .—Mix and 
dissolve exactly as described in the AOAC method (21).(b) T r ic h lo r o a c e t i c  a c i d .—(Riedel-de Haen and Baker). 
Prepare 20% (w/v) and 5% (w/v) aqueous solutions.

(c) l- A s c o r b i c  a c i d .—Dissolve in either TCA or HPO,- 
HOAc just before analysis.

(d) A c t i v e  c a r b o n .—Darco was used as purchased in TCA 
procedure, and acid-washed for AOAC method.

(e) B o r ic  a c i d .—3% (w/v) aqueous solution.
(f) S o d iu m  a c e t a t e .—(Ajax Univar.) 50% (w/v) solution of 

Na0Ac.3H20  in water.
(g) o - P h e n y l e n e d i a m in e .—0.02% (w/v) aqueous solution. 

Prepare fresh in the dark and use within 30 min.

A p p a r a tu s
Fluorescence was measured with a ratio fluorometer from 

Farrand Optical Co. Inc., New York, NY. Filters (G.K. 
Turner Associates, Palo Alto, CA): 7-60, excitation; 47B and 
2A, emission.

P r o c e d u r e
All assays using the H P03-HOAc solvent system were 

carried out exactly as described in the AOAC method. 
Throughout this investigation, the HPO,-HOAc ratio was 
kept constant at the recommended value of 1/2.8 (w/w). Assays 
in which H P03-HOAc was replaced by TCA were carried 
out in duplicate by the following procedure:

Add ca 1 g active carbon to ca 25 mL vitamin C solution 
(see below) and shake 5 min on a wrist-action shaker. Filter 
through Whatman No. 42 paper and add 5 mL clear filtrate 
to each of two 25 mL volumetric flasks. Add 5 mL sodium 
acetate solution to each flask and then 5 mL boric acid solu
tion to the blank and 5 mL water to the test solution, respec
tively. Shake, and after 30 min add 5 mL OPDA solution to 
each flask, dilute to volume with water, shake, and place in 
the dark. After 30 min, zero fluorometer with blank solution 
and measure fluorescence of test solution.

For food analyses, weigh a small amount (< 15 g) of homog
enized and, if necessary, diluted sample slurry into 25 mL 
20% TCA immediately after homogenization. Stir and quan
titatively transfer mixture to 100 mL volumetric flask and 
shake 10 min on wrist-action shaker. Dilute to volume with 
distilled water, mix, and filter through Whatman No. 42 paper. 
Use ca 25 mL clear filtrate for oxidation with active carbon 
and proceed as above. For external standards, dissolve an 
appropriate amount of vitamin C in 5% TCA and dilute with 
the same solvent.

For spiking, add constant amounts (Vs mL) of aqueous 
vitamin C solution (Cs ppmftoTCA extracts of various amounts 
(W| g) of homogenized and, if necessary, diluted (dilution 
factor D) sample slurries. Shake, dilute to 100 mL with water 
and proceed as above. Plot readings against W, and calculate 
slope (S) and intercept (/).
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Figure 1. Fluorescence as function of pH for 3 different vitamin C con
centrations, using F<P0 3 -FI0 Ac solvent. Curves A, B, and C represent 30, 

100, and 170 ppm vitamin C, respectively, in the sample solution.

Calculate vitamin C concentration as follows:
mg vitamin C/100 g sample =

( S  x Vs x Cs x />)/( 10 x I)
To compare effects of TCA and H P03-HOAc concentra

tions on level of fluorescence, sets of 8 vitamin C solutions 
were analyzed. Within one set, vitamin C concentration was 
kept constant and acid concentration of the sample solutions 
was varied from 0.2 to 10% (w/v) in experiments with TCA 
and from 0.3 to 15% (w/v) H P0 3 in experiments using the 
AOAC method. Within one set of 8 analyses, all solutions 
were made from one stock solution of vitamin C by appro
priate dilutions to ensure constant vitamin C concentration. 
Only the vitamin C solution with the highest H P03-HOAc 
concentration had to be prepared separately for practical 
reasons.

Three sets of vitamin C sample solutions (30, 100, and 170 
ppm) were analyzed by using the method with H P0 3-HOAc. 
Four sets of vitamin C sample solutions of 1.63, 5.34, 8.28, 
and 11.36 ppm were analyzed by the TCA procedure. After 
the fluorescence was read, the pH of each assay solution was 
measured and the fluorescence reading was plotted against 
pH (Figures 1 and 2).

Vitamin C concentrations in samples analyzed using the 
H P03-HOAc acid systems were much greater than those 
using TCA to compensate for different dilutions during the 
actual assay in both procedures: 5 times for TCA and 70 times 
for HPOj-HOAc.

Results and Discussion
P r a c t i c a l  A s p e c t s

The practical consequences of a change to the use of TCA 
in the AOAC method instead of H P03-HOAc can be sum
marized as follows: (1 )  Handling the solid acids was very 
different. Crystalline TCA was readily soluble. In contrast, 
sticks of H P0 3 needed to be crushed in a mortar in a moisture-

Figure 2. Fluorescence as a function of pH for 4 different vitamin C 
concentrations, using TCA solvent. Curves A, B, C, and D, represent 1.63, 
5.34, 8.28, and 11.36 ppm vitamin C, respectively, in the sample solution.

free atmosphere before the acid could be dissolved in HO Ac 
at a moderate rate.

(2 ) Dissolving H P 0 3 in HOAc and then diluting with water 
was a time-consuming process, resulting in a slightly turbid 
solution. This had to be filtered through Whatman No. 2 paper 
to obtain a totally clear solution, which involved long filtra
tion times. Number 4 paper improved filtration times; how
ever, this still yielded a slightly hazy solution. Such solutions 
of H P0 3 were unstable and could not be kept for more than
7-10 days (3). In comparison, 20% TCA stock solutions were 
easy to prepare, and they could be rapidly filtered, if neces
sary, through Whatman No. 4 paper to remove any solid 
particles. The solution itself was always clear, and the sta
bility was such that no interference with the vitamin C anal
ysis was observed. Stock solutions of TCA were kept in the 
dark at room temperature. Under these conditions they were 
stable for at least 2 months after preparation.

(3 ) As a result of different dilutions in both assays pro
ceeding from sample to assay solution (5 times for the TCA 
procedure and 70 times for the H P03-HOAc method), the 
sensitivity of the method was increased. However, fluores
cence for a given vitamin C concentration was slightly greater 
for the latter procedure, resulting in a net decrease of the 
lower detection limit by about 10 times.
F l u o r e s c e n c e  vs A c i d  C o n c e n t r a t io n

Figures 1 and 2 show that the pH level has a marked effect 
on the fluorescence. When H P 03-HOAc is used as the sol
vent system (Figure 1), maximum fluorescence is observed 
at pH 5.3-5.4. For TCA (Figure 2), maximum fluorescence 
is observed at pH 5.6-5.7. The figures also clearly show the 
necessity of working at a well defined acid concentration, 
which was much more important than conducting the analy
ses at the pH of the maximum reading. For the TCA system, 
the pH of the maximum reading would be at about 7.5% TCA 
in the sample solution. The 5% TCA level at which all food 
samples were analyzed gave a pH of 5.8. Although this was 
just above the maximum value, it did not noticeably affect 
either the sensitivity or the accuracy. The linearity of the 
relationship between fluorescence and vitamin C concentra
tion was good and application of this procedure to the analysis 
of over 150 samples of 36 different varieties of fruit and 
vegetables resulted in 96% of all duplicate analyses differing 
less than 4% from their respective means. Vitamin C levels 
were between 1.87 and 145 mg/100 g, and recoveries for each 
of the 36 varieties were between 80 and 128% (23).
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Conclusions
There is a considerable advantage in replacing the H P03-  

HOAc solvent system by TCA in the microfluorometric 
determination of vitamin C. Although both procedures showed 
a marked influence of acid concentration on fluorescence, the 
consequences of this effect were easily overcome by main
taining the acid concentration at a constant value. The best 
results were obtained when working between pH 5.5 and 6.0 
in the assay solution.

Acknowledgments
The author acknowledges the valuable contribution to the 

practical work by Martin B. Hunt, DSIR, Applied Biochem
istry Division; Lawrence Pickston, DSIR, Chemistry Divi
sion, Lower Hutt, for discussions about the use of TCA; and
G. John Shaw, DSIR, Applied Biochemistry Division, for 
suggestions for the text.

References
(1) Deutsch, M. J., & Weeks, C. E. (1965) J . A ssoc. O ff. Agric. 

C hem . 48, 1248-1256(2) Deneke, U., Michal, G., & Beutler, H. O. (1978) Dtsch. Lebensm . 
R u ndsch . 74, 400-403(3) O fficial M ethods o f  A na lysis (1980) 13th Ed., AOAC, Arlington, VA, secs 43.056-43.057

(4) Kelly, G. J., & Latzko, E. (1980) J . A gric. F ood  C hem . 28, 1320-1321(5) Ruckemann, H. (1980) L ebensm . Unters. Forsch. 171, 357-359

(6) Fandey, N. K. (1982) A nal. C hem . 54, 793-796
(7) Strohecker, R., & Henning, H. M. (1965) Vitam in A ssay . Tested  

M ethods, Verlag Chemie GmbH, Weinheim/Bergstr., Ger
many, p p .242-248

(8) Jagota, S. K., & Dani, H. M. (1982) A nal. B iochem . 127 178— 
182

(9) Carr, S. R., Bally, M. B., Thomas, P., & Neff, J. M. (1983) 
A n a l. C hem . 55, 1229-1232

(10) Carr, R. S., & Neff, J. M. (1980) A nal. C hem . 52, 2428-2430
(11) Hofman, I., van Dijk, R., de Vries, J., & van de Haar, G. (1981) 

D e W are(n)-C hem icus 11, 84-90
(12) Wimalasiri, P., & Wills, R. B. H. (1983) J. C hrom atogr. 256, 

368-371
(13) Erlbach, H., & Ohle, H. (1934) B er. D tsch. C hem . G es. 67, 

555-563
(14) Archibald, R. M. (1945) J. Biol. C hem . 158, 347-373
(15) Lanning, M. C., & Cohen, S. S. (1951) J. Biol. C hem . 189, 109- 

114
(16) Shuntaro, O. (1952) Bull. N a tl. H yg. Lab . Tokyo  70, 77-81
(17) Towne, J. C., & Spikner, J. E. (1963) A nal. C hem . 35, 211-214
(18) El Sayed, H. El Ashry, & Yeldez El Kilany (1981) Carbohydr. 

R es. 94, C16-C18
(19) Morita, N., Inoue, K., & Takagi, M. (1983) A gric. Biol. C hem . 

47, 1329-1332
(20) Keating, R. W., & Haddad, P. R. (1982) J .  C hrom atogr. 245, 

249-255
(21) Official M ethods o fA n a ly s is  (1980) 13th Ed., AOAC, Arlington, 

VA, sec. 43.061
(22) Sabry, J. H ., Fisher, K. H., & Dodds, M. L. (1958)7. N utr. 64, 

457-466
(23) Visser, F. R. (1984) N .Z .  J . Sci. 27, 105-112

R a p id  D e t e r m in a t io n  o f  C o l o r  A d d i t iv e s ,  U s in g  th e  C i 8 C a r t r id g e

MARY L. YOUNG
Food and Drug Administration, New York Regional Laboratory, 850 Third Ave, Brooklyn, N Y  11232
A reliable method has been developed for the rapid separation and 
identification of the 7 permitted FD&C dyes (Red Nos. 3 and 40; Blue 
Nos. 1 and 2; Yellow Nos. 5 and 6 ; Green No. 3) and the recently 
banned FD&C Red No. 2 in foods. The colors are separated by using 
the C,s cartridge, and their identity is confirmed by spectrophotometry.
The present methodology used for the separation and iden
tification of synthetic colors in foods and drugs (1) is a long, 
tedious process invo ving 2 lengthy column chromatographic 
steps with Celite and cellulose. We describe a method based 
on reverse phase chromatography, using C l8 cartridges for 
the separation of these colors.

The C l8 cartridge (2) employs the principles of liquid chro
matography to isolate, clean up. and concentrate sample 
components for final determination by visible spectrophoto
metry (3), thin layer chromatography (TLC) (4), or liquid 
chromatography (5). It accomplishes in a single step what 
usually requires a sequence of several time-consuming oper
ations.

We report our results for the rapid determination of color 
additives in candy, beverage syrup, gum balls, pudding and 
pie filling mix, and cologne.

Experimental
A p p a r a t u s  a n d  R e a g e n t s

(a) C ,8 c a r t r i d g e s —Sep-Pak (Waters Associates, Inc., 
Milford, MA).

Received May 9, 1983. A ccepted M arch 15, 1984.
This report o f the Associate Referee was presented at 97th Annual Inter

national Meeting of the A 0 4 C , Oct. 3-6, 1983, at W ashington, D.C.

(b) S y r i n g e .—10 mL with Luer tip.
(c) U l tr a v io le t - v i s ib le  ( U V - V is )  s p e c t r o p h o to m e te r .—Cary 

118, or equivalent.
(d) I s o p r o p a n o l  s o lu t i o n s .—2.5, 5, 13, 20, and 50% in water.
(e) F D & C  r e f e r e n c e  s t a n d a r d s .—Division of Color Tech

nology, Food and Drug Administration, Washington, DC. 
S t o c k  s o l u t i o n .— 100 mg/100 mL water. W o r k in g  s o l u t i o n .— 
Dilute 1 mL stock solution to 100 mL with appropriate iso
propanol solution to yield suitable spectra in 1 cm cells.
S a m p l e s

For ease of sample preparation, liquids or easily liquefied 
products are recommended for analysis. Acidic foods, i.e., 
beverages and beverage syrups, require no special prepara
tion. Gelatin products should be dissolved in water (0.1 g in 
3 mL), acidified (1 drop of 1% acetic acid), and filtered before 
analysis. Alcohol-containing materials (cologne) should be 
diluted 1:1 with water and acidified (1 drop of 1 %  acetic acid) 
before analysis to enhance dye retention (4).
P r o c e d u r e

Remove plunger from 10 mL syringe, place long end of 
cartridge on Luer tip of syringe barrel, and pour 3 mL iso
propanol into syringe barrel. Replace plunger, pump solution 
through cartridge, remove cartridge and discard eluate. Repeat, 
using 5 mL 1% acetic acid, followed by 2-3 mL filtered 
sample, and appropriate isopropanol solution according to 
scheme in Figure 1, collecting only colored portion. These 
steps may be repeated in succession when separating a mix
ture of colors requiring more than one isopropanol solution.
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MIXTURE

13 ml 2.5% ISP

E R

K2 ♦ Y5 R3 ♦ Bi +B2*G2
Sep-Pak 
(4ml 5% ISP) 5mL 13% ISP

R2 r40*-y6 *b2
5ml13% ISP 
E

R3tB1+G3
Sep-Pak 
(11 mL 5% ISP)

5ml 20% ISP

E R E R

B2

y6

y6

II

5ml_
20%

E

Yf o-aCL+

TLC

8i +O3

TLC

B1

E□ _____G3 R3

3 ml 50% 
ISP

R40

Figure 1. Color mixture schematic. Isopropanol (ISP): E, elutes and R, 
retains. R2, Red No. 2; Y5, Yellow No. 5; Y6, Yellow No. 6 ; R3, Red No. 3; 

R40, Red No. 40; B1, Blue No. 1; B2, Blue No. 2; G3, Green No. 3.

For those color combinations requiring a second reverse 
phase separation (C,8 cartridge), evaporate eluate to ca 3 mL 
and load onto new cartridge prepared as above. Submerge 
collection tubes with sample extracts in water bath. Prepare 
control tubes marked at 3 mL level and filled with appropriate 
isopropanol solution that duplicates sample volume. Heat to 
boiling until desired concentration level is reached.

Confirm identity of separated colors by UV-Vis spectro
photometry, using combination of neutral-acid-basic spectra 
(Figure 2).

Separate FD&C Yellow No. 6/Red No. 40 and FD&C Blue 
No. 1/Green No. 3 by TLC (6), using silica gel G plates and 
/¡-butanol-methyl ethyl ketone-ammonium hydroxide-water 
(5 + 3 + 1 + 1). Streak 3 cm band of mixture of interest 
along base of TLC plate and dry. Spot appropriate reference 
standards at spaced intervals over dried sample streak, dry, 
and develop ca 10 cm. One common band develops at R { of 
corresponding reference standard. Depending on colors in 
sample, it is usually unnecessary to follow entire scheme.

Ten commercial products (cologne, pudding mix, 2 gums, 
4 candies, 2 syrups) (Table 1) were analyzed by using the 
technique described above. To extract the colorings, the syr
ups, gums, and candies were diluted, washed, or dissolved 
in water. The cologne was evaporated to near dryness before 
addition of water. All solutions were filtered through paper 
(Whatman 2V folded) and 2-3 mL was transferred to the 
cartridges. The eluates were transferred to suitable spectro- 
photometric cells and scans were obtained from 750 to 350 
nm. All UV-Vis spectra that were obtained matched standard 
reference spectra.

Results and Discussion
The current method (1) used for the separation of the FD&C 

colors in foods requires several time-consuming steps. For 
products containing FD&C Red No. 3 and other colors, Pro
cedure III (1) may require 4-5 h. The major time-consuming

Figure 2. Spectra of FD&C Red No. 2 in 13% Isopropanol.

step is the separation of the colors on a Solka-Floc column. 
By comparison, the procedure based on reverse phase C l8 

cartridge chromatography takes a maximum of 1 h. In many 
cases, when it becomes obvious that only one color is present, 
the procedure may require only 15 min.

The elution scheme was developed using 10 ppm concen
trations of each of the 8 FD&C color additives in water. A 
sequence of solvent mixtures was used to selectively retain 
or elute the various color additives. Each successive solvent 
change represented a change in solvent strength beginning 
with the weaker solvent used to load the sample onto the 
cartridge. These different solutions were chosen so that par
ticular colors in the sample would either elute rapidly with
2-7 mL solvent (e.g., FD&C Yellow No. 5, FD&C Green 
No. 3), or be strongly retained by the packing (e.g., FD&C 
Red No. 3). FD&C Red No. 2 is the only red color examined 
that eluted with 2.5% isopropanol, which accounts for the 
selection of that concentration. Sugars and flavorings are not 
retained by the cartridge but are flushed through upon addi
tion of the dissolved sample.

The elution patterns may be affected by some product 
excipients, but if no interferences are present all analyses 
proceed as outlined. In lilac candy pops the FD&C Blue No. 
2 eluted in 20% isopropanol instead of 13% isopropanol. We 
do not have an explanation for this observation. When this 
problem is encountered, however, the eluate is collected, 
corresponding reference standards are prepared in the same 
strength isopropanol solution, and UV-Vis spectra are 
obtained.

A tally was made of the most common FD&C single colors 
and color combinations found during routine sample analyses 
over a 2-year period. The single FD&C colors in descending 
order of occurrence were: Red No. 40, Red No. 3, Yellow 
No. 5, Red No. 2, Yellow No. 6 , and Blue No. 1. FD&C 
Green No. 3 and Blue No. 2 were not found. The 5 most 
common FD&C color combinations were: (1 ) Yellow Nos. 5 
and 6 ; (2 )  Yellow No. 5 and Blue No. 1; (3 ) Yellow Nos. 5 
and 6 , Blue No. 1, and Red No. 3; (4 )  Red No. 3 and Blue 
No. 1; or Blue No. 1, Yellow Nos. 5 and 6 , and Red No. 40; 
and (5 )  Red Nc. 40 and Blue No. 1.

This tally was based on the number of times these colors 
appeared in 203 samples of products analyzed. All of the 7 
permitted FD&C colors and the recently banned FD&C Red 
No. 2 are not likely to be found in combination at any one 
time. Therefore, the color mixture schematic pro videsause- 
ful sequence of analysis for screening the colors.

The results of a number of color determinations are pre
sented in Table 1. These data demonstrate the generality of
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Table 1. Determination of colors in various products

Product
Product

color
Isopropanol,

%

FD&C
colors

detected

Rose syrup red 2.5 Red No. 2
Rose syrup red 2.5/13 Red No. 40
Gum balls green 5 Yellow No. 5

20 Blue No. 1
Gum balls red-orange 13 Yellow No. 6

50 Red No. 3
Candy pops lilac 20 Blue No. 2

(assorted) 50 Red No. 3
ye low-pink 5 Yellow No. 5

13/50 Red No. 3
Strawberry red & 2.5/13 Red No. 3

milkshake candy white 50
Fish jelly ye low 2.5/5 Yellow No. 5

candy
Mice jelly orange 2.5/5/13 Yellow No. 6

candy
Pudding mix white 2.5/13 Red No. 40
Florida water blue-green 13/50 unidentified yellow

(cologne) Blue No. 3

the method as a significant time-saving device in color anal
ysis. With this system, FD&C Red Nos. 3 and 40 are easily 
separated. Three products, rose syrup (containing Red No. 
2), pudding mix (containing Red No. 40), and strawberry 
milkshake candy (containing Red No. 3), demonstrate the

different elution patterns of the 3 red colors: 2.5% isopropanol 
for Red No. 2, 13% isopropanol for Red No. 40, and 50% 
isopropanol for Red No. 3.

This method has been applied successfully to a variety of 
products and is being routinely used to rapidly screen many 
products received for color additive analysis in the New York 
Regional Laboratory.
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Quantitative Amino Acid Analysis of Feedstuff Hydrolysates by Reverse Phase Liquid 
Chromatography and Conventional Ion-Exchange Chromatography
ROBERT G. ELKIN
Purdue University, Department o f  Animal Sciences, West Lafayette, IN  47907
Corn, soybean meal, and isolated soybean protein samples were acid- 
hydrolyzed and analyzed for amino acid content by reverse phase liquid 
chromatography (LC) and by conventional ion-exchange chromato
graphy (IEC) using an amino acid analyzer. The former method employed 
pre-column derivatization with orthophthalaldehyde (OPTA)/ethane- 
thiol and fluorescence detection. In the LC procedure, glycine and 
threonine were not resolved, and proline and cyst(e)ine were not detected. 
In general, amino acid values obtained by LC and IEC compared 
closely within and across feedstuffs, and both agreed well with pub
lished amino acid composition data. The notable exceptions were aspar
tic acid, glutamic acid, and alanine. Results of this study suggest that 
reverse phase LC with pre-column OPTA derivatization can be applied 
to accurately measure primary amino acids in individual feedstuffs.
With regard to protein nutriture, a well-balanced diet must 
supply all of the indispensable amino acids in the appropriate 
amounts required by an organism. Therefore, to accurately 
formulate rations for either experimental or commercial use, 
the amino acid content of individual feedstuffs should be 
determined. Hydrochloric acid hydrolysis followed by ion- 
exchange chromatography (IEC) with post-column ninhydrin 
derivatization has been the procedure most generally fol
lowed for this purpose. More recently, liquid chromato
graphic (LC) methods have been developed and are gaining 
popularity as alternative techniques for the analysis of amino 
acids. Reverse phase LC procedures using pre-column deriv
atization with orthophthalaldehyde (OPTA) have emerged as 
viable alternatives for the analysis of primary amino acids in
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physiological fluids such as blood serum/plasma, urine, and 
cerebrospinal fluid (1- 8 ) or purified protein/peptide hydro
lysates (7, 9-12). However, to the author’s knowledge, only 
one report (13) has appeared describing use of this technique 
for the quantitative amino acid analysis of food protein hydro
lysates. In addition, one other publication (14) has appeared 
describing the quantitative determination of amino acids in 
foodstuffs by a reverse phase LC method using dansyl deri
vatization.

The present study was conducted to quantitatively com
pare a recently developed reverse phase LC technique with 
a conventional IEC procedure for the amino acid analysis of 
corn, soybean meal, isolated soybean protein, and 3 common 
feedstuffs of low, intermediate, and high protein content, 
respectively. Because the former 2 feedstuffs currently com
prise the main ingredients for the majority of poultry and 
swine diets in the United States, a rapid, sensitive, and less 
expensive alternative to IEC procedures conducted via amino 
acid analyzers would be of interest to feed manufacturers and 
nutritionists.

Experimental
R e a g e n t s  a n d  A p p a r a t u s

(a) L i q u i d  c h r o m a t o g r a p h .—Waters Associates (Milford, 
MA) LC system, previously described (8).

(b) A m i n o  a c i d  a n a l y z e r .—Beckman (Palo Alto, CA) 119 
CL amino acid analyzer equipped with Model 126 data reduc
tion system. System used cation-exchange resin (type W3),
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post-column derivatization with ninhydrin, and dual-channel 
absorbance detection (440 nm, 570 nm).

(c) C h e m i c a l s —  LC grade acetonitrile and methanol (Bur
dick & Jackson Laboratories, Inc., Muskegon, MI). Hydro
lysate amino acid calibration standard solution (Cat. No. 
312220, Beckman Instruments, Inc., Palo Alto, CA). OPTA 
(Fluoropa, Cat. No. 26010) and ninhydrin (Pierce Chemical 
Co., Rockford, IL). Ethylene glycol monomethyl ether (Fisher 
Scientific Co., Fair Lawn, NJ).

(d) B u f f e r s .—LC buffer composition, previously described
(8 ). Sodium citrate buffers for IEC (Beckman Instruments 
Co.).
S t a n d a r d  P r e p a r a t i o n

(a) LC.—An aliquot of calibration standard solution was 
diluted with 99 volumes of methanol before derivatization
(8 ).

(b) I E C .—An aliquot of calibration standard solution was 
diluted with 9 volumes of pH 2.2, 0.2N sodium citrate buffer 
before injection.
S a m p l e  P r e p a r a t i o n

Com and soybean meal (SBM) samples were each finely 
ground in a Burr mill (Laboratory Construction Co., Kansas 
City, MO) before weighing. Isolated soybean protein (ISP, 
Purina Assay Protein RP-100, Ralston Purina Co., St. Louis, 
MO) was used without further preparation. Approximately 
600 mg (corn, SBM) or 300 mg (ISP) samples (one of each 
feedstuff) were weighed and placed into 500 mL distilling 
flasks. Two hundred to 250 mL 6N HC1 was added, flasks 
were placed in a reflux apparatus, and nitrogen was bubbled 
into the solutions as described by Cavins et al. (15). Following 
24 h reflux, hydrolysates were filtered, cooled, and diluted to 
250 mL with water. One hundred mL of each hydrolysate 
solution was evaporated to near dryness in a rotary evapo
rator (60°C). Several mL water was added, and the sample 
was evaporated to dryness. Following a second water addi
tion and evaporation, a concentrated hydrolysate solution 
(CHS) was obtained by dissolving the residue in 4 mL LC 
grade methanol. For reverse phase LC analysis, each CHS 
required a further 100-fold dilution with methanol, and 1 mL 
aliquots were derivatized with OPTA/ethanethiol as previ
ously described (8). For IEC, 0.5 mL of each CHS was 
evaporated to dryness, and the residue was redissolved in 
either 1 mL(corn) or 4 mL (SBM or ISP) pH 2.2,0.2N sodium 
citrate buffer. A 100 p,L aliquot of each sample was then 
diluted to 500 p,L (corn, SBM) or 1000 jxL (ISP) before injec
tion.
C h r o m a t o g r a p h i c  P r o c e d u r e s

(a) L C .—Duplicate standard (40 p-L), corn (25 pL), SBM 
(10 pL), and ISP (10 pL) aliquots were injected and chro
matographed as previously described (8 ). Forty pL deriva
tized standard solution contained 2 0 0  pmol each of the 13 
amino acids listed in Table 1. The actual amounts of corn, 
SBM, and ISP analyzed per injection were 3.0, 1.2, and 0.6 
pg, respectively.

(b) I E C .—A 92-min single column hydrolysate analysis 
based on the procedure recommended in the Beckman 119 
CL Application Notes was followed. Three sodium citrate 
buffers were used to elute the amino acids. The initial system 
conditions were pH 3.25, 0.2N [Na+] buffer at 50°C. At 20 
min, the column temperature was increased to 65°C, where 
it remained for the duration of the analysis. At 22 min, the 
first buffer was changed to pH 3.95, 0.4N [Na+]. The second 
buffer was changed at 42 min to pH 6.4, LON [Na+]. At 75

min, the column was regenerated for 2 min and re-equilibrated 
for 15 min with 0.2N NaOH and pH 3.25, 0.2N [Na+] buffer, 
respectively. Duplicate 100 pL aliquots of the diluted cali
bration standard and hydrolysate solutions were injected. 
One hundred pL of the diluted calibration standard solution 
contained 25 nmol each of the 13 amino acids listed in Table 
1. The actual amounts of corn, SBM, and ISP analyzed per 
injection were 600, 150, and 37.5 pg, respectively.
S t a t i s t i c s

Student’s /-tests (18) were performed to compare LC and 
IEC data within and across feedstuffs.

Results and Discussion

A comparison of mean amino acid composition values for 
the 3 feedstuffs as determined by reverse phase LC and 
conventional IEC showed that, for most amino acids, the 
absolute values obtained were similar for the 2 methods (Table 
1). The notable exceptions were aspartic acid, glutamic acid, 
and alanine. The LC values for aspartic and glutamic acids 
were actually closer to the reported values for both 50% 
protein SBM (15) and ISP. It appeared that an unknown 
component may have co-eluted with alanine during the IEC 
procedure. This is based on the fact that a major unknown 
peak appeared between tyrosine and valine in all LC analy
ses, whereas no extraneous peaks were observed during IEC 
analyses. Because SBM and ISP alanine values were abnor
mally high for IEC analysis, co-elution with an unknown 
compound could have been responsible for this observation.

Statistical analysis of the data in Table 1 revealed that, 
although the amino acid absolute values obtained by LC and 
IEC for each feedstuff were very close, in many cases they 
differed significantly (.P<0.05). This could be partially explained 
by the excellent agreement between replicate values within 
a method. However, the IEC procedure was less variable 
than the LC method, as evidenced by generally lower coef
ficients of variation (CV) for many of the amino acids. The 
average amino acid CV values were 5.2% (3.1%, excluding 
aspartic acid) for the LC method and 1.6% for the IEC pro
cedure. Nevertheless, when averaged across feedstuffs, LC 
values for each amino acid did not significantly differ from 
IEC results, with only alanine approaching significance 
(P = 0.061).

Although glycine and threonine were not resolved and pro
line and cyst(e)ine were not detected by this method (8), the 
results of the present study suggest that reverse phase LC 
with OPTA derivatization can be used to accurately measure 
primary amino acids in individual feedstuffs. However, there 
is difficulty in detecting lysine in complete mixed feeds 
(unpublished data, R. G. Elkin, Purdue University, 1983). In 
these instances, very little lysine was detected relative to that 
expected based on calculated values. The major composi
tional difference between individual feedstuffs and complete 
mixed feeds is that the latter generally contain supplemental 
fat, vitamins, and minerals. Although purely speculative, it 
is possible that the mineral fraction of complete mixed feeds 
may interfere with the derivatization of lysine. Problems with 
OPTA lysine derivatization have been described, and the low 
fluorescence of lysine with OPTA can reportedly be enhanced 
by adding the detergent Brij to the reaction mixture (9, 19, 
20).

According to Pfeifer et al. (21), the future of amino acid 
analysis lies with LC. A major advantage of LC is the adapt
ability of instrumentation to particular sample types or newly 
developed methods. Since amino acid analysis capability is 
inherent in today’s LC systems, it is apparent that the dedi-
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Table 1. Amino acid composition of corn, soybean meal (SBM), and isolated soybean protein (ISP) as determined by LC  and ion-exchange

chromatography (IEC) ___________________________

Amino acid, %

Corn" SBMa ISPa

LC“ IEC“ NRCC LC“ IEC“ NRC“ LC“ IEC“ RP“

Aspartic acid 0.68 0.66 NAe 7.56 5.01 NA 13.97 9.30 10.50
Glutamic acid 2.54 1.63 NA 4.93 3.31 NA 20.99 12.27 17.70
Serine 0.43 0.45 0.40 2.44 2.26 2.89 3.90 4.08 4.50
Histidine 0.23 0.26 0.20 1.21 1.17 1.32 1.86 1.93 2.20
Alanine 0.65 0.84 NA 2.08 7.06 NA 3.39 7.18 3.60
Arginine 0.47 0.50 0.50 3.85 3.45 3.68 6.76 5.91 6.30
Tyrosine 0.40 0.40 0.45 2.28 1.63 2.01 3.60 3.04 3.60
Valine 0.44 0.42 0.52 2.42 2.15 2.72 4.18 3.55 4.30
Methionine 0.24 0.22 0.20 0.87 0.62 0.72 1.29 0.92 1.20
Isoleucine 0.31 0.33 0.37 2.33 2.03 2.57 4.21 3.76 4.20
Leucine 1.08 1.14 1.10 3.97 3.47 3.82 7.05 6.39 7.40
Phenylalanine 0.44 0.47 0.47 2.60 2.31 2.11 4.68 4.31 4.90
Lysine 0.26 0.30 0.24 2.86 2.78 3.18 5.01 4.68 6.30

aCrude protein contents (%) as determined by macro-Kjeldahl procedure (ref. 16): corn (8.75); SBM (49.14); ISP (88.57).
“Mean values for duplicate analyses.
“Values from Table 19 cr ref. 17.
“Values from Technical Data Sheet No. 20-1, Purina Assay Protein RP-100 (Ralston Purina Co., St. Louis, MO). 
eNA = not available.

(10) Lookhart, G. L., Jones, B. L ., Cooper, D. B., & Hall, S. B.
(1982) J. B ioch em . B ioph ys. M eth od s 7, 15-23

(11) Burbach, J. P. H ., Prins, A., Lebouille, J. L. M., Verhoff, J., 
& Witter, A. (1982) J . C h rom atogr. 237, 339-343

(12) Umagat, H., Kucera, P., & Wen, L.-F. (1982) J . C hrom atogr. 
239, 463-474

(13) Kan, T. A., & Shipe, W. F. (1981) J . F o o d  Sei. 47, 338-341
(14) Khayat, A., Redenz, P. K., & Gorman, L. A. (1982) F oo d  

Technol. 36, 46-50
(15) Cavins, J. F., Kwolek, W. F ., Inglett, G. E ., & Cowan, J. C. 

(1972) J . A sso c . O ff. A nal. C hem . 55, 686-691
( 16) O fficial M eth od s o f  A nalysis ( 1980) 13th Ed., AO AC, Arlington, 

VA, sec. 2.062
(17) National Research Council (1977) N u trien t R equ irem en ts o f  

P ou ltry , 7th Ed., National Academy of Sciences, Washington, 
DC, pp. 46-47

(18) Steel, R. G. D., & Torrie, J. H. (1980) P rincip les a n d  P rocedu res  
o f  S ta tis tic s , 2nd Ed., McGraw-Hill, New York, NY, Chapter 
5

(19) Lee, K. S., & Drescher, D. G. (1978) Ini. J . B ioch em . 9, 457- 
467

(20) Gardner, W. S., & Miller, W. H. (1980) A nal. B ioch em . 101, 
61-65

(21) Pfeifer, R., Karol, R., Korpi, J., Burgoyne, R., & McCourt, D.
(1983) A m . L a b . 15, 78-87

cation of expensive instrumentation to only one type of anal
ysis is neither necessary nor practical.
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Forage Nitrate Analysis: Laboratory Performance Study
TERENCE L. McMAHON and HOWARD H. CASPER
North Dakota State University, Department o f Veterinary Science, Fargo, ND 58105
Four forage samples were analyzed by 16 laboratories for KN03 con
tent. Individual reported KNO, values varied widely for each sample; 
coefficients of variation for the 4 samples were 36.0, 51.0, 12.8, and 
55.0%. Recovery of KN03 from the spiked sample averaged 105%. 
The analytical results, as a group, were unacceptable both statistically 
and for use in feeding recommendations. Three values reported could 
have resulted in feeding potentially toxic forage to livestock.
Nitrate poisoning has been suspected as a major cause of 
livestock losses for nearly a century ( 1), and forages are 
recognized as a common source of nitrate (2). The need for 
prompt, accurate nitrate determinations on forage samples is 
evident. The literature describes many methods including the 
ion-specific electrode method of Sweetsur and Wilson (3) and 
the AOAC official final action method (4) based on cadmium

Received February 13, 1984. Accepted April 3, 1984.

reduction. However, in our experience, wide variations in 
results occurred when several samples were split and ana
lyzed for nitrate content by various laboratories. This finding 
prompted us to organize a laboratory performance study for 
forage nitrate analysis. The study was designed to allow eval
uation of nitrate determination data from independent labo
ratories and to establish forage pools for our routine nitrate 
quality control.

Table 1. Preliminary determination of KN 03 in pool samples (n = 3)

Sample KN03, % CV, %
A 5.15 0.30
B 1.15 4.3
Ca 3.49 2.3
D 0.34 5.9

“Sample D  plus 3.1% K N 0 3.
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Table 2. Individual laboratory results tor determination of KN03 (%) in pool samples

Lab. Method Sample A Sample B % KNO,

Sample C.a

Spike rec., % Sample D
1 SSE" 5.68 1.20 3.60 107 0.26
2 SSE 5.71 1.08 3.45 103 0.26
3 SSE 6.41 1.36 4.15 121 0.33
4 SSE 6.20 1.30 4.00 117 0.31
5 SSE 5.32 1.06 3.55 108 0.30
6 Cdc 5.9 1.6 2.8 86 0.14
7 SSE 7.44 2.81" 3.48 91 0.74"
8 Cd 5.05 1.50 4.36 131 0.23
9 Color.9 4.07 0.26 3.09 94 0.17

10 SSE 5.66 1.41 3.82 11 1 0.35
11 Cd 2.97 0.39 3.41 108 0.06
12 Cd 1.63 0.29 0.98" 31 0.07
13 Cd 5.36 0.91 3.23 99 0.15
15 SSE 3.83 0.72 2.89 90 0.10
17 Color. 0.94 0.10 0.45" 14 0.01
19 SSE 5.64 1.16 3.49 104 0.26

Mean 4.86 0.96 3.52 105 0.20
CV, % 36.0 51.0 12.8 12.0 55.0

“Sample D plus 3.1% KNO3. 
"Solid-state nitrate electrode method. 
"Cadmium reduction method. 
"Outliers excluded from calculations. 
"Colorimetric method.

Table 3. Number of outlying values" for each KNO3 pool sample for 
various ranges about mean

Range allowed, 
± % from mean" Sample A Sample B Sample C Sample D

2 16 16 12 16
5 15 15 10 16

10 14 14 8 16
15 13 13 6 14
25 7 10 2 13

*16 values for each sample. 
"Means as shown in Table 2.

Experimental

R e a g e n t  a n d  A p p a r a t u s
(a) P o ta s s iu m  n i t r a t e .—Certified ACS grade (Fisher Sci

entific Co.). Dried 2 h at 130°C before use.
(b) W ile y  m i l l .—With 2 mm screen (Arthur H. Thomas 

Co.).
S a m p l e  P r e p a r a t i o n

Samples of dried, ground forage including hay, straw, sil
age, corn-stalks, and grasses received by our laboratory for 
K N 0 3 determination were saved overaperiod of 3-4 months. 
These samples were separated into 3 groups on the basis of 
K N 0 3 content as determined by our solid-state electrode 
application of the extraction method of Baker and Smith (5). 
Samples in each of the 3 groups (<0.5% KNO,, 0.5-2.5% 
K N 03. and >2.5% K N 03) were separately pooled in covered 
buckets and thoroughly mixed by rotation. Each pool was 
reground through the Wiley mill, returned to the bucket, and 
mixed again.

A portion (750 g) of the 0.5% pool was placed in another 
bucket and a solution of 23.25 g K N 0 3 in approximately 2 L 
water was added. The resulting slurry was manually stirred 
for 10 min, then poured into pans, and dried overnight in a 
60°C forced air oven in the same manner as the original forage. 
This pool was reground and mixed as before to yield a sample 
containing a uniform 3.1% K N 0 3 spike. Each of the 4 pools 
was mixed again, split into 25-50 g portions, and given a 
letter designation. Three samples of each pool were selected 
at random and analyzed by solid-state electrode for KNO,

content. The results (Table 1) indicate good homogeneity 
(coefficient of variation < 6%) for all pools. Spike recovery 
was 1 0 1%.
P a r t i c i p a n t s

Sixteen of 19 laboratories contacted agreed to participate. 
Each laboratory was assigned a number for identification to 
assure anonymity. We requested that each of the 4 samples 
be analyzed for KNO, content by the method of their choice. 
Replicate analyses were not required. Information was 
requested on the type of method used in the determination.

Results and Discussion

Table 2 shows individual laboratory results, including means 
and coefficients of variation (CV). Applying Dixon's test (6 ). 
we found 4 outliers which are excluded from subsequent 
calculations. The ranges of the remaining results for each 
sample are still wider than expected. Horwitz et al. (7) showed 
that collaborative studies on materials present in amounts of 
approximately 17c will generally result in a CV of 2-5%. 
Mason (8 ) stated that interlaboratory results within ± 10-15% 
of the mean are acceptable. In our study, only the spiked 
sample C showed a CV of less than 15%, and this occurred 
only after the exclusion of 2 outliers. Table 3 illustrates the 
outlying results at various allowed ranges. It is important to 
keep in mind that all of the laboratories were aware that the 
samples were for interlaboratory study. Mason (8 ), in his 
evaluation of drug testing laboratories, documented the ten
dency of laboratories to provide better results on check sam
ples than on “ blind” samples. Thus, results on submitted 
field samples may have been worse than those reported for 
our pool samples. Three reported values of less than 1.0% 
K N 0 3 were for forages that actually contained more than 
3.0% KNO,. If forages containing more than 1.6% K N 0 3 are 
considered potentially toxic (2 ), these results could have 
allowed the feeding of toxic forage to livestock.

We feel that the variation in results reported in this study 
is unacceptable. It should be possible to achieve interlabo
ratory CV values of 15% or less on samples with this level of 
KNO, present. It is imperative to reduce interlaboratory vari
ation in KNO, analyses to a reasonably low level (i.e., <15%
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CV) if uniform guidelines are to be used in feeding recom
mendations.
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at the New Sheraton-Plaza of the Americas Complex where there are 
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For more information contact:
M. Virginia Gipson, Food and Drug Administration, 3032 Bryan, Dallas, TX 75204, (214) 767-0309 or 

Molly Ready, Alcon Laboratories, 6201 S. Freeway, Fort Worth, TX 76134, (817) 293-0450
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Custom packing HPLC columns has become our specialty. Any length, several ID's (including 
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